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Preface 



REALIZING the great need for a more scieiitilic knowl. 
edge of electricity on tbe {)art of thoiisanda of practical 
ineu of limited technical cdtK'ation, an attempt has been 
made iu the foUowirig pagea to give a presentation of the aul)ject 
which shall he easily underatood by such men, and at the game time, 
cover all the essential principles and methoda. Tlie principles 
usually deduced by higher niatheniatic-s are here made clear by 
careful explanation and a large number of diagrams drawn 
especially for the text, Nnnn-rous engravings exemplify modem 
practice, and form a pictorial index to the latest and liest methods 
of applying electricity to lighting, railvraya, piiwer transmission, 
machine tools, etc. 

ftThe Cyclopedia of Applied Electricity is based upon the method 
■which the American School of Correspondence has develojied and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. It is compiled 
from the most valuable of the School's Instruction Papers and 
forms a simple, practical, concise, and convenient reference work 
for the shop, the library, the school, and the home. 

CThe success which the American School of Corresjwndence has 
attained in teaching thousands of electricians is in itself the heat 
possible guarantee for tlie present work. Therefore, while these 
volumes are a marked innovation in technical literature, represent- 
ing as they do the best methods of a large number of different 
authors, each an acknowledged authority in his work, — they are 
by no means an experiment, but are in fact the essence of the most 

D.lrecoi»^.OOQle 



,gle 



sncceBBfuI method yet dovised for the education o£ the busy 
working man. 

ftAmong the sections of itiost practical value are those on Alter- 
nating Current Machinery, Storage Batteries, Electric VTiring, 
Dghting, etc. In these pages the authors have succeeded in 
presenting the subjects in such manner as to overcome the hitherto 
inBunnouutable obstacle — higher mathematics. The rules and 
formulae are presented in a very simple manner, and special effort 
has been made to illtiBtrate Svery principle by diagrams and prac- 
tical examples. 

C.!NumerouB examples for practice are inserted at intervals; these 
with the test ijuestions, help the reader to fix in mind the essential 
points, thus combining the ad\-antages of a textbook with a refer, 
ence work. 

CGrateful acknowledgment is due to the corps of writers and 
collaborators who have prepart^ the many sections of this work. 
The hearty co-operation of these men — engineers of wide prac- 
tical experience, and teachers of acknowledged ability — has alone 
made these volumes possible. 

CThe Cyclopedia is published in the belief that it will meet a 
real need among designers, constructors and operators of elec- 
trical machinery. That it may save many weary hours of search 
among the scattered textbooks and reference works of the day, — 
books which being intended largely for college-trained men are 
necessarily far from meeting the needs of the average practical 
man, — is the hope of the compilers and publishers. 
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TELEPHONY 



PART I. 



To properly anderstand the manner in which Bound is trans- 
mitted from one end of an electric circuit to the other, it will be 
necessary to entirely get rid of a popular idea, and to fix clearly in 
mind, at the outset, the process that actually takes place. The 
popular idea referred to is, that the sound produced at one end of 
a circuit actifally travels over that circuit, in order to be heard at 
the other end. That is erroneous; in reality the actual sound 
produced at one end of the circuit, properly equipped with tele- 
phone apparatus, travels no farther than it would if the telephone 
apparatus were not present. What actually takes place is a process 
conforming to the law of Conservation of Energy. It may be 
described as follows: The sound energy produced in the presence 
of the telephone apparatus is transformed by that apparatus into 
electric energy, whieh, traveling to the distant end of the line, is 
again retransformed by the distant apparatus into sound energy. 
The sound energy thus rej)rodueed, being an exact counterpart of 
the original, produces on the human ear the same effect, and there- 
fore can not be distinguished from it. 

Nature of Sound. Sound may best be defined as the effect 
produced on the ear drum by wave motions in the air particles. 
Every-day experience offers many proofs of this statement. If a 
man be observed while in the act of hammering nails into a 
plank, it will be found that, at a distance of about ten feet, 
the instant the hammer head strikes the nail a sensation is pro- 
duced on the ear, which is recognized as the sound of the impact. 
A little reflection will convince the observer that, although sepa- 
rated from the point of impact by ten feet, the result of that 
impact is transmitted iu some manner through the intervening 
apace, and made to impress the ear with the sense of sound. In 
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4 TELEPHONY 

other words, the disturbance caused at the source of the sound is 
carried through the intervening space, and in turn affects the 
auditory nerves in such a manner as to produce sound. If no 
intervening objects exist, such as a board fence or house, it will 
be found that the sound may be heard with equal distinctness at 
any point of a sphere whose radius is ten feet and whose center 
Hea at the point of impact. It therefore becomes established that 
the disturbance caused by the haniuier striking the nail in trans- 
mitted with equal intensity along all lines radiating from the 
point of impact. 

Let the observer walk away from the man in question, con- 
tinuing, however, to keep bim under observation. He will note 
that, as the distance increases 
jksrceptibly, the sound of the 
blow will no longer occur at the 
same instant that the hammer 
is seen to strike, but at an ap- 
preciable time afterwards, and 
this interval will increase with 
the distance. 

For a comparison between 
the phenomenon of sound which 
has just been observed, the work- 
ings of which cannot be seen with 
the eye, and some other phenom- 
enon which can be seen, let us 
** ■ consider what happens when a 

stone is thrown into a pond whose surface is unruffled. Upon the 
stone entering the water a disturbance is produced, which radiates 
in waves in all directions. Any objects, such as chips of wood, 
that may he floating on the surface are agitated as the wave reaches 
them. Those nearest the jioint where the stone enters the water 
are set in motion sooner than those more remote. In fact, the 
wave can be observed to jirogress from the center of disturbance 
till it gradually dies out or strikes the shore. 

From these simple observations, it is natural to imagine that 
sound consists of a wave motion among the particles of air, which 
motion progresses from the center of disturbance along the radii 
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of a sphere. Other simple experiments will be made to prove that 
sonnd does really consist of wave motion among air particles. 

In Fig. 1 let A be a table npon which is fastened a vice H in 
the jaws of which a flat piece of steel D is tightly held. If the 
free end of C be drawn to one side, as shown at C, and then 
allowed to go free, the elasticity of the metal will canBe it to re- 
tarn to the vertical position, beyond which the kinetic enei^ due 
to its motion will carry it to the other side, as shown at 0". From 
this position the elasticity will again cause it to return to the ver- 
tical, beyond which the kinetic energy will again carry it to some 
position between and C. The elasticity will again cause it to 
return to the vertical. This constantly decreasing motion will 
continue until the piece of steel gradually comes to rest. It is 
evident that the particles of air, 
directly surrounding the bar, 
will be given a similar motion 
to that of the steel. If the 
spring is made to move rapidly 
enough, a sound will he heard. 

Referring again to the piece 
of Bteel: the motion of its end 
from C to 0' and back, or from 
C to 0", is called a complete 
vibration. The time taken to 
make a complete vibration is 
called & period of vibration. 

To prove that sounding bodies are in a state of vibration the 
following experiment is usefnl: In Fig. 3, let A be a glass bell* 
shaped jar, and B a fixed steel point which is separated from the 
surface of the jar by a very small space. If a resined violin bow 
C be drawn across the edge of the jar till it emits a musical note, 
a series of taps will be heard. They are caused by the glass bell, 
in its vibration striking against the point. If a pith ball D, be 
suspended so as to rest lightly against the side of the bell, it will 
be violently thrown away from the jar when a musical note ie 
emitted. 

If a glass plate A, Fig. 3, be secured at its center and sup- 
ported on a table, it will, upon being agitated by a resined bow. 
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emit a musical note. Suppose sand be strewed on its surface. If 
tlie plate is agitated, the sand will leave certain portions of the 
plate bare, and collect in definite lines on different portions of the 
plate. The lines ao occupied by the sand are the places where the 
different waves of vibration meet to form lines of rest. 

The above experimentB are sufficient to prove that all soand- 
ing bodies are In a state of vibration, and tbat the pheuomeuon of 
sound is caused by this vibration being carried in wave motion by 
the air particles to the drum of the ear, and thence by the auditory 
nerves to the center of Bound in the brain. 

The student must not suppose that the sense of sound is caused 
by the particles of air, in actual contact with the sounding body, 
being projected against the ear drum. Such is not the case, any 
more than that the remote 
chips in the pond are set in 
motion by the particles of 
water at the point where the 
. stone enters. What actually 
happens in the case of the 
pond is that the particles of 
water being thrown aside by 
the stone, set up by means 
of the elasticity of the wa- 
ter a vibratory motion in 
the adjacent particles. These 
in turn set up the same 
motion in those adjoining. 
Snccessive particles are thus set in motion by their neighbors, 
until the energy dies out, or until particles are reached which, 
being adjacent to the shore, have no fellows to which to transmit 
the vibration. The particles of water originally set in motion by 
the stone, continue to oscillate with a decreasing amplitude, at or 
very near their original locality, until they come to rest. 

Similarly in the case of sound, the particles of air adjacent to 
the disturbing body are set in motion, ar.d this motion is, through 
the elasticity of the air particles, transmitted to those next adja- 
cent. These la turn transmit it to their neighbors until the motion 
dies out. When the particles of air adjacent to the ear drums are 
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TELEPHONY 7 

Bet in motion, the sensation of sound is produced. The particles 
disturbed remain in their original localities. 

Air ie not the only medium that will transmit aound. Metal, 
wood, water, and even earth, are useful in this respect. But for 
the present it will be Buflicient to limit the diBcuBsion to sound 
transmission through air. 

Let UB consider again the experiment of throwing a stone into 
a pond. If the stone be of good size, such as is used in street 
paving, the waves caused thereby will, upon close observation, be 
found to be of different Bizes. The largest wave will carry upon 
its surface waves of less and less magnitude, down to the sise of 
ripples. 

Nature of Sound Waves. The waves produced in water are 
the result of the parti- 

cieB of water being dis- n^n *' fai i n^ \!^.*f..—n »\ 
turbed in a vertical di- 
rection, and the direction 
of wave propagation is 
therefore at right angles 
to the direction of the 
displacement of the par- 
tides. In the case of 

sound, the displacement of the air particles is in the same direc- 
tion as that of the wave propagation. The displacement of 
the air particles consists of an oscillation to and fro in the direc- 
tion of the wave propagation. These oscillations produce alternate 
pulses of condensation and rarefaction, which constitute the sound 
wave. 

To illustrate more fully, suppose that in Fig. 4, A represents 
one of the prongs of a tuning fork which is vibrating in front of 
the open end of a tube BB tilled with air. As the prong A moves 
toward the position A' it pushes before it the adjacent particles of 
air, which in tarn push their neighbors. The result is a pulse of 
compression in front oi the fork. When the prong A has reached 
the position A', it momentarily comes to rest, and consequently 
ceases to act on the air particles. The particles of air beyond are 
in a normal condition, because the pulse of compression has not 
yet had time to travel any appreciable distance. As the prong of 
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8 TELEPHONY 

the fork moveB back from A' to A", a partial Tacunm is formed, 
and the air particles begin to move in the direction of the fork, 
causing a pulse of rarefaction. By the time the prong has reached 
the position A" and again comes to rest, the pulse of compression 
has moved to some point as Hf. The shaded lies denote the 
greater density of the air particles. With the pulse of rarefaction 
being formed at the fork, the air particles tend to rush that way, 
and by the time ihe fork has again reached the position A', and a 
second pulse of compression formed, a pulse of rarefaction is found 
at M' and the pulse of compression has moved to M". This oscil- 
lation of the air particles continues in uniaon or harmony with that 
of the prong of the fork, causing successive pulses of compression 
and rarefaction to be sent through the air in the tube. The dis- 
tance between the center of a wave of compression and a wave of 
rarefaction is called one-half a wave length, while the distance 
between two consecutive waves of compression is called a whole 
wave length. A wave length may be defined as the distance 
through which the pulse has traveled while the prong of the tuning 
fork has made one complete vibration, during which time each 
particle of air has gone through one complete cycle of changes, 
both as regards motion and density. The period of vibration to 
each particle is thus identical with the period of vibration of the 
prong of the tuning fork. It has been proven by experiment 
that the rate of sound traveling in air is 1,000 feet per second. 
Now, if the tuning fork vibrates at the rate of 435 complete vibra- 
tions per second, the period will be ^^ second, and the wave 
length will be ^^/^ = 2 feet and 6 inches, which is the wave 
length in air for this note. 

Noise and Musical Sound. Thus far the discussion has been 
concerned only with sound waves of uniform length. It will be 
necessary at this point to inquire more specifically into the nature 
and construction of this wave. The discussion should be prefaced 
by this definition: The difference between noise and musical 
sound lies in the frequency of the disturbance. When the fre- 
quency exceeds 64 impulses per second, the human ear is not 
capable of distinguishing the separate impulses, but recognizes 
them only as a continuons sound. This hict may be illustrated 
by a piece of mechanism shown in Fig. 5, which couaists of a 
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TELEPHONY 9 

toothed wheel, which can be made to revolve, while a piece of 
cardboard is firmly held in euch a position that the teeth strike 
against it as they pass. If the number of teeth on the wheel ie 
known, the number of revolutions of the wheel per second multi- 
plied by the number of teeth will give the number of impulses 
given to the card in the same time. Rotatiug the wheel slowly at 
first, the separate impacts of the teeth against the cardboard are 
plainly discernable. As the wheel rotates faster, the separate im- 
pacts become less distinct, until when the number reaches 64 per 
second they merge into one another and become a musical note. 
If the speed of rotation be steadily increased from this point, the 
musical sound becomes steadily shriller, until it becomes so shrill, 




Fig. 5. 
or, in other words, the frequency so high, that the ear Is anable to 
take any cognizance of it. 

Musical sounds can he distinguished in three ways: 

Loiulness. This is the quality which, regarded subjectively, 
measures the intensity with which a musical sound affects the 
auditory nerve. This quality depends, for sounds of the same 
pitoh and quality, on the energy of the vibration of the air parti- 
cles adjacent to the ear drum, and is proportional to the square of 
the amplitude. 

Pitch, This is the quality which distinguishes an acute 
sound from a grave one; for example, a treble note from a bass 
note. Pitoh depends upon the frequency of vibration, rising as 
the frequency rises. This point is illustrated by means of the 
toothed wheel and the card. 

Character. This is the quality which distinguishes between 
the sound of the human voice and that of a cornet; or between 
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10 TELEPHONY 

that of a violin and that of a French horn. The terms poor, harsh, 
rich, mellow, are used in this connection. The French call this 
quality tmibi-e; while the Germans use the term sound tint, or 
sound flavor. 

The point upon which the character of a sound depends was 
made a special study bj the celebrated German scientist, Alex- 
ander VoQ Ilelmholz, and it may be explained as follows: The 
first essential characteristic of a musical note is that each vibration 
shall be exactly like its successor. In, other words, the disturb- 
ance must be periodic. It has been shown by the French mathe- 
matician, Fourier, that any periodic vibration executed in one line 
can be definitely resolved into simple vibrations of which one has 
the same frequency as the given vibration, and the others have 
frequencies 2, 3, 4, 5, etc., times as great. The theorem may be 
briefly expressed by saying that every periodic vibration consists 
of a fundamental simple vibration and its harmonics. As a result 
of this reasoning, a sound wave caused by a musical note must 
always be considered as consisting of one simple vibration, corre- 
sponding in frequency to the pitch of the note, and several other 
vibrations whose frequencies are multiples of the first or funda- 
mental. This point is exceedingly important and'should be clearly 
understood. Speaking in the language of the musician, the funda- 
mental vibration corresponding to the pitch of any note is called 
the fundamental, while the accompanying vibrations of higher 
frequency are called the ooer-tones. Helmholz determined that 
the character of a note depended on the number of over-tones. 
The vowel sounds used in speech are musical toaes just as much 
as those used in singing, only they are not sustained as long. The 
laws governing their pitch intensity and character are therefore 
the same as those already described. To sum up, then, when a 
person is speaking, the surrounding air particles are agitated within 
the range of the voice by a periodic vibration whose frequency, and 
therefore wave length, corresponds to the pitch. Superimposed 
upon this vibration are others whose frefjueneies are multiples of 
the first and their wave lengths the corresponding fractions of the 
first. 

The Nature of Electricity. Up to this point the subject of 
sound only has been considered. Tie object has been to fix clearly 
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in mind tb© fuudamental principles of the wave theory. The ap- 
plication will be seen when the action of the sound waves on the 
telephone instrnmetit is considered. However, it will now be 
necessary to inquire into the subject of the generation of electric 
current. The flow of current in any circuit is given by Ohm's 

law, which is expressed : I ^= »=t- in which I represents the current 

in amperes, E the E, M. F. in volta acting in the circuit and 
R the resistance of the circuit expressed in ohms. From this 
equation it will be seen that to have a flow of current in an elec- 
tric circuit, an E. M. F. or difference in potential is necessary. 
Therefore, the first point to be considered is the method of gener- 
ating this E. M. F. E, M. F. may be generated in three ways: 
first, by chemical action between two or more bodies; second, by 
the heating of the junction point of two dissimilar metals; third, 
by the movement of a closed circuit in a magnetic field. For com- 
mercial purposes the first and third methods only are common. 
The second method is used only in laboratory experiments. The 
apparatus by means of which chemical action generates electric 
current is called a battery. A mechanism which is need to geu- 
erste E. M. F, by moving a closed circuit in a magnetic field is 
called a dynamo or generator. 

Batteries are divided into two classes, Primary and Secondary. 
A primary battery may be defined as one in which chemical action 
tabes place directly to produce the E. M. F., while in a secondary 
battery the E. M. F. is produced by the chemical action set up 
after a current of electricity has been passed through the cell for 
some time. Secondary batteries are commonly called storage 
batteries. 

There are many types of primary batteries, each possessing 
peculiar features. In teleplione practice, however, the types avail- 
able are limited to a few tiiat meet the jR'cuIiar conditions required. 
They are, first, the Gravity Battery; second, the Lectanche Battery; 
third, the Fuller Battery; fourth, the Edison-Laland Battery; fifth, 
some forme of dry battery. 

Gravity Battery. In all forms of primary battery the E. M. 
F. is generated by chemical action taking place between two dis- 
similar bodies called the eliments, which are surrounded by a 
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12 TELEPHONY 

liquid called the electrolyte. The whole is encased in a glass jar. 
The electrical potential generated in the cell depends on the nature 
of the substances used as elements. In the gravity cell the ele- 
ments consist of metallic zinc and metallic copper, and the electro- 
lyte is a solution of copper sulphate in water. The generation of 
E, M. F. is attended by certain chemical changes which take place 
in the cell. The oxygen from the water attacks the zinc element 
forming an oxide of zinc, which in turn combines with the sul- 
phnrie acid to form zinc sulphate, setting free the hydrogen. The 
hydrogen thus released attacks the copper sulphate, displacing 
the copper and forming sulphuric acid, and depositing the 
copper in metallic form. The newly formed sulphuric acid again 
attacks the oxide of zinc, forming additional zinc sulphate and 
Q P again releasing hydrogen, which in 

turn displaces metallic copper as be- 
fore. As a result of this chemical 
action the elements remain in the 
form of metallic zinc and metallic 
copper. 

^ Polarization. By the term polar- 
ization of a cell is meant the collect- 
ing of bubbles of hydrogen on the 
copper or negative element. These 
hydrogen bubbles have an E. M.F. 
opposite to that set up by the zinc 
element, and as a result the two E. M. 
Fig. 6. F.'s of the cell, that due to the poten- 

tial difference between the zinc and the copper, and that dne to 
the potential difference between the hydrogen bubbles and the 
zinc, are opposed to each other. When this condition exists, the 
cell is said to be polarized and the current ceases to fiow. Since 
the hydrogen gas does not collect on the copper plate, but is com- 
bined with the sulphate, polarization does not take place in the 
gravity cell. 

Fig. 6 shows a cell of a gravity battery. Here the glasB jar 
is shown at A, the zinc element at B, and the copper element at 
(J. To the copper element is soldered an insulated wire D, while 
the zinc element is shaped to fit firmly over the top of the jar and 
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carries on its upper Bur&ce a binding post F, The copper sulphate 
(blue crystals) is placed id the jar and suflicient water poured in 
to bring the level just above the upper surface of the zinc. In 
setting up batteries of this type from 3 to 8^ pounds of copper 
sulphate crystals are placed In the bottom of the jar surrounding 
the copper element. The crystals should be small enough to pass 
through a sieve with a 1^-inch mesh, and should not be so small 
as to pass through a ^^g-ioch mesh. The water is then poured in 
until the zinc element is submerged. The battery is then short- 
circuited for about 21 hours. This short circuiting puts the cell 
into action, with the result that zinc sulphate is formed. This zinc 
sulphate solution gathers about the zinc element and therefore 
forms the upper third of the electrolyte. The lower two-thirds of 
the electrolyte is composed of copper sulphate solution which is 
indicated by a deep blue color. When a cell of this type is in 
good condition a distinct line separates the copper sulphate solu- 
tion from the colorless zinc sulphate solution above. As the liquid 
of the cell evaporates, the zinc sulphate is deposited over the edge 
of the jar. In a short while this deposit, which is in the form of 
white crystals, becomes very thick and reduces the efficiency of the 
cell. To prevent this a layer of oil about J inch deep Is placed on 
the top of the electrolyte. This oil, by preventing evaporation, 
makes it impossible for the zinc sulphate crystals to be deposited. 
The E. M. F. of the gravity cell is 1.079 volts, and the internal 
resistance varies between 2 and 3 ohms, depending on the size 
of the plates, their nearness ti^ether, and the nature of the 
electrolyte, 

The Leclanche C«II. In this form of battery the elements 
consist of zinc and carbon, the latter being encased in a porous 
cap; the electrolyte is a solution of chloride of ammonium, com- 
monly known as sal-ammoniac. The action in this cell during the 
passage of the current is as follows: The chloride of ammonium 
is decomposed, the chlorine leaving the ammonia and hydrogen to 
unite with the zinc elements, forming chloride of zinc. The am- 
monia is dissolved in the water. The hydrogen enters the porous 
cup and would soon polarize the cell by collecting on the carbon 
plate were not some provision taken to prevent this action. Closely 
packed aronnd the carbon element within the porous cup are crys- 
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tale of peroxide of manganese, which yield up a part of their oxygen, 
forming water by combination with the hydrogen. The peroxide 
is thus reduced to a sesque-oxide of manganese. When the battery 
is delivering ita normal current, the hydrogen is set free in a 
slightly larger quantity than can be absorbed by the manganese. 
Polarization, therefore, takes place, although very slowly; it be- 
comes noticeable where the cell has been in use for a very long 
time, and then quickly disappears upon the cell being ctit out of 
service. The E. M. F. of this type of cell is 1.47 volts, and ita 
internal resistance is about 1 ohm. 
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Fig. 7. Fig. 8. 

In Fig. 7 is shown a Leclanche celt, the jar being shown at A, 
the zinc at B, the carbon at and the porous cup at \>. The solu- 
tion of water and sal-ammoniac is shown through the jar at E. 

• The Fuller Cell. This type employes for its elements zinc 
and carbon. The electrolyte consists of a solution of 3 parts 
bichromate of potash, 1 part sulphuric acid and 9 parts water. 
The zinc ia placed in a porous cup in the bottom of which 
is placed about 2 ounces of mercury. There is also placed in the 
porous cup a sohition of chloride of sodium in water, of eullicient 
depth to completely cover the zinc. The mercury in the porous 
cup is to keep the zinc thoroughly amalgamated, or coated with a 



ogle 



TELEPHONY 15 



layer of mercury. If tbis were not dooe the impuritiea which are 
always present, even Id the hest zinc, would, with dilute acid, set 
up chemical action in the zinc, thereby cauaing it to waste away, 
thus reducing the efhciency of the cell. The bichromate of potash 
is a combination of oxygen and the metals chromium and potas- 
sinm. When the circuit of the cell is completed and the cnrrent 
flows, the sulphuric acid which passes through the porons cap 
attacks the zinc, forming zinc sulphate and setting free the hydro- 
gen. This hydrogen combines with the oxygen of the bichromate 
of potash, thus preventing polarization. 

The E. M. F. of the Fuller Cell is 2.028 volts, and its internal 
resistance about .5 ohm. The Fuller battery is shown in Fig. 8. 
The porous cup A is shown inside of the glass jar B; the carbon 
C is equipped at the top with a binding post D. The zinc is 
shown dotted inside of the porous cuj) and ia also shown separately 
at E. O is a form of connector used with this type of cell on the 
zinc element; one end is fastened to the wire attached to the zinc 
and the other end holds the wire from the circuit. The two thumb 
screws insure good contact. 

Edison-Lalande Cell. The elements of this cell are zinc and 
copper oxide, and the electrolyte is oxide of potassium or caustic 
potash dissolved in water. Polarization is prevented by the decom- 
position of the water of the solution, which results in the oxygen 
combining with the zinc to form zinc oxide. This zinc oxide com- 
bines with the potash to form a soluble double salt of zinc and 
potash. The hydrogen of the water combines with the oxygen of 
the copper oxide to form water and deposit metallic copper. The 
copper oxide used in this type of cell is formed by roasting copper 
scraps, ground finely and formed into blocks. As in the case of 
the gravity battery, a layer of oil is placed upon the top of the 
solution, to prevent evajtoration and the formation of " creeping 
salts." It also prevents the formation of carbon dioxide with the 
potassium solution. In order to produce a minimum internal 
resistance, a film of metallic copper is placed on the copper oxide 
before the battery is put into use. 

The E. M. F. of the cell is about .98 volt at starting, but falls 
to .75 volt after the cell has been running for a short time. The 
internal resistance, however, ia very low, being about .Olio ohm for 
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the largest cells. This type, owing to its low intertial resistance, 
is especially adapted to the production of strong corrents. 

Dry Battery. This type is made in several styles, all of which 
me zinc and carbon for their elements. While the term " dry " is 
applied to this cell, the applicatioa of the term is not strictly cor- 
rect. However, the electrolyte is so prepared that it cannot be 
spilled ont of the jar, thns making it especially adapted for port- 
able use. The two typical forms of this cell are the Burnley and 
the Cassner. Id both these types the glass jar is replaced by a 
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Fig. 9. Fig. 10. 

zinc cup, which serves the double purpose of being the retaining 
cup and the positive element. 

Burnley Cell. Here the carbon element is in the form of a 
solid cylinder A, Fig. 9, which is provided with the usual binding 
post B. Inside of the zinc cup is the electrolyte C, which is com- 
posed of 1 part sal-ammoniac, 1 part chloride of zinc, 3 parts plas- 
ter, 87 parts flour and 2 parts water. This compound, when 
mixed, is a semi-liquid mas^ which quickly atiffens after being 
poured into the cup. The depolarizing agent D is peroxide of 
manganese, the same as used in the Leclancbe cell, and is packed 
around the carbon cylinder. The top of the cell is sealed with 
bitumen E or its equivalent. The binding post F is fastened to the 
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zinc cap. It will be eeeo that the cell is proof against apilling. 
The £. H. F. of this cell \b 1.4 volts, while the internal resietaoce 
is about 1 ohm. 

Cassner Cell. This type is shown in Fig. 10, in which A 
represents the zinc cap with its attached binding post B, C the 
negative element which consists of carbon and manganese, and 
carries at its top the binding post D. The electrolyte, shown at 
E, consists of the following mixture: 1 part oxide of zinc, 1 part 
sal-ammoniac, 3 parts plaster, 1 part chloride of zinc and 3 parts 
water. No special depolarizing agent is needed, as the zinc oxide 
tends to loosen the compound and make it poroas, thns facilitating 
the interchange of gases. The sealing compound is shown at F. 



ig. 11. 



Fig. 12. 



Fig. IX shows the general appearance of a dry battery, A being 
the zinc cnp with its binding post B, and the end of the carbon 
element with its binding post D. The sealing componnd ia shown 
at E. 

Wasteless Zinc This is a type of zinc devised for use with 
the gravity battery; it is shown in Fig. 12. The zinc is equipped 
on the npper side with a conicalsliajied projection A, and on the 
under side with a similarly shaped deprewsion B. When a zinc 
has become so far eaten away as to be useless a new one is added, 
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and tlie projection on the old one is fitted into the depression in 
the new one, bo that it may remain in ose ontil completely cod- 
samed. The old zinc thus fitted into the new one is shown at C. 

The general app>earance of the cell is shown in Fig. 13. The 
new zinc A is fastened to the supporting clamp B which rests 
upon the edges of the jar. The old zinc is shown at C. By the 
use of this type of zinc and the gaining of greater zinc surface the 
internal resistance of the cell is reduced to ,7 ohm. 

Secondary or Storage Batteries. Thus far the only types of 
batteries discussed are those which produce an E. M. F, from the 



chemical changes which go on within the cell. A different type 
of cell must now be considered. In this type a current of elec- 
tricity is first used to produce certain chemical changes and store 
up certain chemical affinities. These chemical atfinities are then 
allowed to act, and in so doing produce an E. M. F. This type of 
cell is called a Storage or Secondary cell. 

The most simple type of storage battery, and at the same time 
the type most suited to illustrate the principle ujion which it 
works, is the one in which a current of electricity is made to pass 
through water. The action of the current is to decompose the 
water into its constituent elements hydrogen and oxygen. The 
hydrogen is collected on the negative pole and the oxygen on the 
positive. In Fig. 14 is shown a tank A containing water. The 
two terminals of an electric circuit are introduced into the tabes 
D and E at B and C. When the current passes, the water is 
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decomposed', hydrogea is collected in the upright arm D of the 
tube, while oxygen is collected in the arm E. If, after the wator 
has been decomposed, the source of current is removed and the two 
terminals or electrodes F and G connected, the gases in uniting to 
again form water will generate an electric current. While this 
form of storage battery is useful for illustrative purposes, it is 
useless commercially. 

The storage battery commonly used today consists of two ele- 
ments of lead immersed ia a solution of sulphuric acid and water. 
In the early form, the elements consisted of thin sheets of metallic 
lead. When a current of electricity passed through the cell, the 
water in the sulphuric acid decom. 
posed and the oxygen passed to the 
positive plate and united with the 
metallic lead to form on its surface a 
red peroxide of lead. The hydrogen 
was set free at the negative plate. 

The charging current being removed i 

and the two elements connected elec- 
trically a current was generated by 
the oxygen in the lead peroxide re- A 
uniting with the hydrogen and form- 
ing water. The positive plate was 
thereby reduced again to metallic 
lead. The current continued to flow 
until the lead peroxide disappeared. ig- 15. 

The forming of lead peroxide oq the positive plate renders its 
surface spongy and porous, and, presenting more surface, renders 
it capable of forming and retaining a greater amount of lead 
peroxide upon the second charge thail upon the tirst. Consequently 
this type of cell had to be charged and discharged several times 
before the positive plate was sufficiently porous to bring the cell 
up to its maximum eiSciency. This charging and discharging 
is called yorm/ny. 

As the process of forming necessitated the waste of a great 
deal of current, the chloride plate was introduced. It has proved 
to be the best and is now used almost universally. It is con- 
stmcted as follows: A specially prepared "tablet" is made by 
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rolling into spiral form a strip of corrugated lead J inch in width; 
the size of the spiral being | inch in diameter. A sheet of metallic 
lead is monlded under pressure around several of these tablets, the 
whole presenting an appearance as shown in Fig. 15, where A, A', 
etc., represent the tablets and B the lead plate. Each lead plate 
IB provided with a lug C for connecting two or more platee and 
also to provide a terminal for the circuit. 

The term " chloride " comes from the fact that the lead is 
derived from lead chloride, but no chlorine is used in the manu- 
facture of the battery. In general the tablets for the positive 
plates are made circular, while those used in the negative plates 
are square. The plates intended for the positive element are im- 
mersed in sulphuric acid, through which a current is passed in one 
direction for about fifteen days. In so doing the lead of the tab- 
lets is converted into lead peroxide or active material. They are 
then ready to be set up in the cell with the negative plates. 

There are two distinct chemical actions that take place in the 
storage baltery; one during the charge and the other during dis- 
charge. The sulphuric acid acts upon the lead of the negative 
plate to form lead sulphate. When the charging current ie passed, 
this lead sulphate is broken up into lead peroxide, PbO,. This is 
deposited upon the positive plate. The metallic lead ie formed on 
the negative plate. The sulphate is liberated into the electrolyte. 
Expressing this chemical action as a chemical equation: 

2 Pb S O, = Pb + Pb O, + 2 S O, 
which means that the lead sulphate is broken np into Pb 0„ lead 
peroxide, Pblead and SO, the sulphate. This sulphate combining 
with the water (H^O) forms sulphuric acid, Hj 0S0„ or, as it is 
generally written, Hj 80^. 

When the cell is discharged the reverse action takes place, and 
one atom of oxygen leaves the lead peroxide to unite with the 
hydn^en of sulphuric acid to form water. The sulphate in the elec- 
trolyte unites with the lead monoxide to form sulphate of lead on the 
negative plate; metallic lead is converted to sulphate on the positive. 
Pb + PbO, + 2II,S0, = 211,0 + 2PbS0. 

It will be apparent from these considerations that during 
charging the specific gravity of the solution increases, and that 
while discharging the reverse takes place. The resistance of the 
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electrolyte varies with its density within certain limits, decreasing 
as the deneity increases. The density of the electrolyte is very 
important and Bhoold be watched with great care. It is measured 
by an instrnment called a hydrometer. 

The hydrometer cODsists of a glass balb (A Fig. 16) about 1 
inch in diameter. To this bulb is attached a hollow glass stem B 
about 5 or 6 inches long. A quantity of small shot ie placed in 
the bottom of the bulb, sufficient to sink it to the desired depth 
'n pure water. On the stem is a graduated scale D resembling 
somewhat that of a thermometer. The height at which the instru- 
.went Suats will depend on the density of the liquid in which it is 
placed. On a scale so marked that the point at which it Hoats in 
pure water is 1,000, the density of the storage battery solution 
would be 1,200. At the end of discharge the density falls 
to about 1,190. 

The E. M. F. of a cell when fully chained is 2.4 
volts. In discharging it should never be allowed to fall 
below 1.9 volts. The average voltage is about 2.1 volts. 
The internal resistance of this class of cell is very low, 
being about. .02 ohm. 

The capacity of a storage battery is rated in ampere- 
hours. This means the ability to deliver a certain num- 
ber of amperes for a given number of hours. For ex- 
ample, if a cell delivered 10 amperes for 10 hoars, its 
capacity would be 10 X 10 — 100 ampere-hours. This 
same cell would deliver 1 ampere for 100 hours. 

Another property which a storage battery possesses 
is the rtUe of charge and i-ate of diacharge. This is meas- *"'« lo- 
ured in amperes. The battery above referred to has a rate of dis- 
charge of 10 amperes. 

On account of the losses in the battery, the charging rate 
should always exceed the rate of discharge by about 10 per 
cent. The rate of discharge should never be exceeded, as in 
so doing the battery will certainly be injured. The trouble caused 
by over-discharge is called buckling, and means a bending of the 
positive plates. This bending is destructive in two ways; first, it 
loosens ^e lead tablets; and second, it causes short circuits by the 
bent plate touching the one next adjacent. When a plate becomes 
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bent it muBt be remored from tbe cell and straightened or a new 
one anbsti tilted. 

In setting up a storage battery, the plates must be carefully 
dusted before they are placed in the jars, care being taken to sepa- 
rate and insulate the negative from the positive elements. In the 
smaller types, the plates are insulated by sheets of asbestos. In 
the larger sizes, the insulation is secured by placing glass rods 
between the plates, extending from the top to the bottom. The 
, . I, „ ^ plates having been placed in the 

I I I bF I e!*! B"1 B"' J«r, the lugs are scraped clean, and 

— I H rH I — 1 1 — I I — 1 I 1 aW those on the positive plates 

_. t. __ — _- are soldered together, as are those 

on the negative elements. The 
solution is then poured in and the 
^^' ^'' charge begun at once. The utmost 

care should be taken not to leave the elements in the acid without 
immediate charging, otherwise sulphating will take place. The 
first charge should be carried on for a much longer time than 
that normally required; for example, about 18 or 20 hours at 
the normal rate for an 8-honr charge. The cell may then be 
discharged at the normal rate until tbe voltage falls to 1,9 volts. 
It should then receive the regular charge, after which it is ready 
for work. 

ArrariKement of CelU Into Batteries. There are two ways 
of grouping cells into batteries : first, in neries; second, in multiple. 
The first arrangement gives 
a total £. M. F. equal to the 
sura of the E. M. F's of e 
cell. The method of connect- 
ing cells in series is shown in 
Fig. 17, in which A, A', A", 

etc., represent a number of *' ' 

gravity cells. It will be seen that the zinc element B of the 
cell A is connected to tbe copper element C of the cell A', while 
the zinc element B' of the cell A" is connected to the copper ele. 
ment C" of the cell A". This method is continued throughout; 
the zinc element of the last cell and the copper element of the first 
tbll being connected to the line L; ' At this point #1 will be well 
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to remember that while the zinc element ib electro-positive to the 
copper, and the current in the cell paeses from one to the other 
with respect to the circuit; the copper element is the positive 
termioftl and the zinc the negative. As a result, the current flows 

from the copper terminal of ——i i 

the first cell to the zinc terminal ___ __ __ 

of the last, and ao on through _^ _^ _^ 

each cell back to the first. _^ _^ _^ 

Fig. 18 shows the method — — ' ~ — — 

of connecting cells in parallel *' — ' — — ' — 

or multiple. Here the copper -^ — ■• — -J- ^ 

elements C, C, C", etc., of the ^«- ^*- 

cells A, A', A", etc., are connected, as are the zinc elements B, B', B', 
etc. The copper terminal and the zinc terminal of cell A are con- 
nected to the line. With this arrangement the effective E. M. F. 
ie that of one cell, but the current giving capacity is equal to that 
of one cell multiplied by the number of cells. The reason is that 
the internal resietsnce of the whole battery is equal to that of one 
cell divided by the number of cells. 

We have already learned that the internal resistance decreases 

with the increase in the area of the elements. It is evident that 

under these conditions this area is equal to that of one element 

multiplied by the number of cells. A combination of these two 

arrangements can be obtained by connecting groups of cells in 

multiple, each group being made 

up of a number of cells connected 

in seriee, as shown in Fig. 19. 

Magnetism. So far the pro- 
duction of E. M. F, by chemical 
action has been considered. Let 
F^. 2(X us now investigate the third 

method of generating E. M. F. In this method a closed circuit is 
made to move in a magnetic field. The machine constructed to 
do this work is called a dynamo or generator. Before studying 
the generator it is well to know something of magnetism and the 
magnetic field. In Fig, 20 is shown a bar magnet, in which N 
and S represent the north and south poles, respectively. If this 
mi^et is placed upon a table and covered with a thin sheet of paper. 
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fine iron filings shaken over the paper will arrange themselves in 
curved lines radiating from each pole as shown. It will also be 
observed that the tendency of the filings is to form closed curves 
connecting the two poles. The space throughout which this effect 
of the magnet is manifest is called ^e field; the curves which the 
filings tend to form are called lines ol force. 

It is a well known fact that if a current is flowing through a 

conductor AB, Fig. 21, it will be surrounded by circular lines of 

force, aa shown at C, C, C", -^^.^^^^^p-v^..^-^^,-^ 

etc. These lines have their A I ! { { j H I'J \ \ [ / { fl] . ' < B 

center coincident with the q^'-^-^-'-^-'^'-^'-''^ 

axis of the wire. The num- Fig. 21. 

ber of these lines of force increases with the strength of current 

flowing through the wire. If instead of being straight the wire is 

wound about a soft iron core, the strength of the magnetic field 

will be much greater for a given strength of current flow. For 

a given kind of iron core the amount of magnetization is the 

— product of current strength 

and the number of turns 

divided by the length of the 

iron core. If the iron core 

be extended so as to bring the 

poles close together, as shown 

in Fig. 23, the amount of 

magnetization for a given 

current strength will be still 

greater. Such an arrangement 

is called an electro- magnet. 

If a closed conductor be 

made to revolve in the field 

of this magnet, so as to cut 

the lines of force, as shown 

at A, an E. M. F. will be gen. 

^' ^ erated therein and a current 

will flow. If, again, this conductor be wound in many turns about 

a soft iron core, the amount of current generated will be greater 

for a given strength of field, since the number of convolutions 

are increased, and the magnetic resistance is decreased by the 
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presence of the soft iron armatnre. Such an arrangement is called 
a dynamo or generator. Fig. 23 shows the diagram of u dynamo. 
The two field cores are shown at A and A', the yoke at B, the pole 
pieces at C and C, and the armature at D. The space between 
the surface of the armature and the pole pieces E and E' is called 
the air gap. The field winding is shown at F and F', while the 
armature coils are represented by G. II and II' are the brushes 
which serve to collect the current from the armature. 

There are three ways 
of winding dynamos. 
The shunt winding, in 
which the field winding 
isof high resistance and 
shunted around the ar- 
mature; the series wind- 
ing, in which the field 
coils are connected in 
series with the arma- 
ture; and a combin- 
ation of the two, called 
compound winding, in 
which a series winding 
is superimposed upon 
the shunt winding. 

The E. M. F. gener- 
ated by a dynamo is rep- 
resented by the product 
of the strength of field, 
the number of turns on 




Fig. 23. 



half of the armature and the speed in turns pur second. When a 
dynamo delivers current, the effective E. M. F. is reduced somewhat 
by the resistance of the armature. When it is necessary to 
provide a constant potential from open circuit to full load, it is 
advisable to nsb the compound winding, since by this means, as 
the current out-put increases by passing through the series coils, 
it assists -the shunt coils, increases the magnetic density and 
tends to keep the E. H. F. constant. 

Motors. The construction of s motor is identical with that 
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of a dynamo, but it acta in the opposite way. The current passing 
through the field and armature turns the latter, 

A dynamotor is a combination of a dynamo and motor on 
one shaft. This machine can be constructed bo that the dynamo 
and motor have independent fields and armatures mounted on the 
same shaft; or in small machines one field and one armature is 
provided, and on the armature are two windings, one of which is 
used for the motor and the other tor the dynamo. The commu- 
tator of one winding is at one end of the shaft, and that of the 
other winding is at the other end. 

Alternating Current. So far. the generation of current flow- 
ing under a constant E. M. F. has been considered. Let us now 
consider the flow of current under a varying E. M. F. This force . 




Fig. 24. 
may vary in many ways: it may start with a certain i 
valne and decrease to zero, or its variations may be irregular and 
according to no law. The two classes of variable current to be 
considered here are: one in which the direction of the E. M. F. ia 
periodically reversed; and one in which the E. M. F. is interrupted, 
but always in the same direction. In the first case, the E. M. F. 
rises from zero, attains a maximum in one direction, decreases to 
zero again, and gradually increases to a maximum in the opposite 
direction. This is called an alternating E. M. F., and the current 
flowing under its impulse is termed an alternating current. The 
second kind of variable E. M. F. will be discussed later. With an 
alternating E. M. F. a thorough knowledge of the law of the varia- 
tion is necessary. 

Alternating current used for commercial purposes varies 
according to the law of sines. This is illustrated by Fig. 24. 
Suppose the circle M is described by the radius R which rotates 
around the center O, in the direction shown by the arrow head, 
and from its extremity lines are drawn perpendicular to the hori- 
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zoDtal line HK' as S. The length of these lines Trill follow the 
law of sines; that is, for any position of the radius the length of 
the line dropped from its extremity perpendicular to HH' is pro- 
portional to the sine of the angle that the radius makes with KK'. 
Starting with R coincident with OH', the length of S is zero. As 
the angle between R and OH' increases, the length of S increasee 
until it equals R for an angle of 90^ As the angle etill further 
increases, the length of S decreases, until at an angle equal to 
180^,S is zero again. As R rotates below HH', S agkin increases 
in length, until at an angle equal to 270^8 again equals R. It 
then decreases, reaching zero again for an angle of SfiO", or when 
R has completed its revolution. On the horizontal line 1 — 13, equal 
distances, such as 1 — 2,3—3, 3 — 4, etc., are measured off equal to 
the angle made by R and HH' in snccesBive units of time. From 
these points ordinates are erected which are equal in length to 8 
for the corresponding angle; a line joining the extremities of these 
lines will be a sine curve. It will be seen that this curve rises 
from zero at 1 to a maximum at 4, corresponding to a rotation of 
90° for E; it then decreaees to zero at 180°. From this point it 
^ain increaees (but in the opposite direction) to a maximum at 10, 
corresponding to a rotation of 270°, and again decreases to zero at 
13, corresponding to a rotation of 360°, The current impelled by 
this E. M, F. will also follow the sine law. and will vary in the 
same manner. 

An Induction Coil may be defined as that piece of apparatus 
which transforms a variable current into an alternating current. 
As it plays an important part in the art of telephony it should be 
thoroughly understood. The induction coil is somewhat similar 
to the transformer used for electric lighting and power; but it has 
its distinctive features. It is a well known fact that when a cur- 
rent starts to flow through the primary winding of an induction 
coil it sets up a magnetic Held in the iron core. If the instant the 
current first reaches the winding is considered, it will be seen that 
tlie magnetic field begins to increase in density. In so doing it 
sets up a counter E. M. F. in the remaining turns, which tends to 
petard the passage of the current. As the current reaches the suc- 
cessive turns, this counter E. M. F. is gradually overcome, and the 
primary cmrent gradually reaches its maximum value. Again, 
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as the primary current b^ns to decrease a similar counter E. M. 
F. is Bet np which tends to retard the decrease. The effect of thia 
magnetic lag or reluctance is to retard the increase and decrease of 
the primary current, and therefore to change the shape of the 
alternating current wave induced in the secondary winding. 

As will be seen later, it is of the utmost importance that the 
variation of the primary and the secondary currents should he in 
harmony with each other and with the sonorous vibrations that are 
to be reproduced. The induction coil should be designed in such a 
manner that this condition may exist. It is also evident that the 
magnetic lag is considerably influenced by the mass and arrange- 
ment of the iron core. If in designing a coil it were only neces- 
sary to get induced currents in the secondary whose waves were in 
harmony with those of the original sonorous vibrations, the best 
results would be obtained with a coil constructed without an iron 
core. The difference between the permeability of the air and soft 
iron is so marked that what is gained in clearness of reproduction 
would be lost by the weakening of the magnetic field, and there- 
fore the Induced currents in the secondary. A compromise must 
therefore be made between weakening the field and strengthening 
it at the expense of clearness. The closed iron magnetic circuit is 
therefore discarded and a straight magnetic core made of a bundle 
of soft-iron wires is substituted. The design of induction coils 
for telephony has not been reduced to such an exact science as the 
design of the transformer. However, much has been accom- 
plished by experiment. 

Historical. Probably the first mention of the transmission 
of speech to a distance is that of Robert Hooke, when in 1667 he 
described how, by the aid of a tightly drawn string, he could trans- 
mit sound to a very great distance. The distance over which he 
propagated sound is not mentioned; but those who are familiar 
with the lover's telephone, to which Kobert Hooke's apparatus no 
doubt bore a great resemblance, will probably limit the distance to 
a little over 100 feet. In 1868 Philip Reis, of Friedrichsdorf, 
Germany, invented an apparatus which, by the aid of the electric 
current, would transmit sound to a distance. He called it the 
Telephon. In 187(i,patent specifications were filed simultaneously 
at Washington by Alexander Graham Bell and Elisha Gray, and 
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in Febmary of that year the patent was granted to Bell by the 
United States of America for a speaking telephone. The qneBtioa 
of priority between these two inventors was made the subject 
of s law snit, which ended in a compromise; one company baying 
oat the patents of both. 

The Bell telephone, as first 
made, cooeisted of two per- 
manent magnets, of the form 
shown at A and A' in Fig. 25, 
to each of which was attached 
a harp of steel rods, B, B', B", 
etc. Between the poles of 
each permanent magnet was 
an electro-m^net C C; one 
terminal of each coil being 
connected together, while the 
other terminals were grounded. 




Fig. 25. 



When the rods of the harp attached 
to A were made to vibrate the magnetic field of the electro-magnet 
was disturbed, and currents were thereby induced in its coil. These 
currents, flowing through the coil of the second magnet caused its 
field to fluctuate, with the result that the harp attached to A' was 
made to vibrate. The vibrations of the second harp were in unison 
with those of the first, and the amplitude of the vibrations of the 
first, determined the amplitude of the vibratioQS of the second ; 
because the strength of the induced currents depended upon the 
amplitude of the vibrations of the first harp, while the amplitude 
of the vibrations of the second harp depended upoQ the strength 
of the indnced currents. While this instmrnent was nseful in 
proving that sound could be produced at a distance, by means of 
the electric current, it was useless as a meaos of transmitting 



The second form adopted by Bell is shown in Fig. 26. In 
this there was an electro -magnet A through which a current was 
made to flow. Attached to a membrane of goldbeater's skin B, 
was a piece of soft Iron which acted as an armature, the mem- 
brane allowing it to vibrate in front of the pole of the electro- 
magnet. The receiver was constructed as shown in Fig. 27, in 
which A represents a vertical electro-magnet enclosed in a soft- 
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iron tube, to which is tightly screwed at one edge an annatnre B 
of thin sheet iron. The transmitter was constmcted to transmit 
articulate speech, since the vibrations of the soft-iron armatnre were 
in nnison with those of the membrane, which in tarn, were in 
unison with those of the voice. 
The receiver also was capable of 
out articulate : 



giving 



speech. 




Fig.2& 



In this form of apparatus abat- 
tery of cells was placed in the 
circuit of each electro-magnet. 
The instrument, however, 
was further modified into the 
form shown in Fig, 28. It con- r 
sisted of a permanent magnet of 
the horse-shoe type, to the poles 
of which were attached two coils B of fine wire. The thin soft- 
iron diaphragm was mounted on a separate block as shown at C. 
Through the opposite side of this block a hole was bored, and a 
mouthpiece D fitted. The use of the permanent magnet rendered 
the battery unnecessary. Thus the first practical telephone was 
produced. 

The next step in the change 
of the instrument was to mount 
both the diaphragm and the per- 
manent magnet in the same case, 
so that the whole would be self- 
contained. The result is shown 
in Fig. 29. It consisted of a 
shell A, usually of hard rubber. 
This shell contained a cavity M 
at its upper end. Through the 
center of this shell a permanent 
magnet F was held in place by 
the screw I and carried at its uppr end the coil E of fine wire. 
The terminals of this coil were brought down through the two chan - 
nels (t and G' to the two binding posts il and II'. The soft-iron 
diaphragm is shown at M; it was held in place by the cap B 
which is Bcoo|)ed out to form a mouthpiece. It will be seen 




Pig. 27. 



lr,coi»^.OOQle 



,gle 



TELEPHONY 



thftt the esseDtial parts were all contained within the shell. Thia 
instrament is practically the same as the receiver in use to-day. 

The principle upon which the Bell receiver operates deserves 
a more detailed description than has yet been given. In Fig. 30, 
A and A' represent two Bell telephones connected by a grounded 
circuit L. Suppose that the receiver A is to be used to transmit 




Pig. 28. 



sound to A'. The sound waves impinging upon the diapragm at 
A cause it to vibrate in unison, which means that the vibration of 
the diaphr^m consists of a fundamental and overtones. The dia- 
phragm so vibrating causes the same vibration 
in the strength of the field of the permanent 
magnet; this causes the same phenomenon to 
occur in the induced current flowing through its 
coil. The induced current, therefore, consists, 
as did the original sound, of a fundamental and 
overtones. This is equivalent to saying that the 
electrical waves of induced currents consiBt of a 
wave, equivalent in frequency to that of the 
fundamental vibration, and superimposed upon 
this wave are others whose periods of vibration 
correspond to the frequencies of the overtones 
of the original sound. 

These electrical waves travel over the wire 
and reach the coil on the permanent magnet at 
A'. Here a reverse process of transformation „ „ 

takes place; there is set up in the magnet a 
vibrating magnetization, the vibrations consisting of a fnndamental 
whose frequency corresponds to that of the fundamental of the elec- 
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trical ware, and therefore that of the original Bound; while snperim- 
posed upon thie are other vibrations whose freqnencieB correspond 
to the overtones. Thie flactnating magnetic field seta up an identi- 
cal vibration in the diaphragm A' and therefore in the adjacent 
air particles. As the air particles at the receiving station are set 
in the same vibration as those at the transmitting station, the 
resulting sound is identical. As a matter of fact, the ohmic re- 
sistance of the line reduces the amplitude of the electrical waves, 
so that the resultant sound is not as loud as the original. Addi- 
tional losses take place at every transformation from sound to 
magnetic, and from magnetic to electrical energy and the reverse. 
These losses still further decrease the amplitude of the sound waves 
at the receiving station, and, therefore, the loudness of the sound. 




^ 



Fig. 30. 
The self induction of the line and its static capacity tend to dis- 
tort the form of the electrical wave so that the resultant sound 
wave is not identical with the original. These points, however, 
are uf no importance in the present discussion and will be treated 
later. 

Although this explanation of the operation of the telephone 
is accepted by most engineers as a good working theory, it has been 
rejected by some scientists on the ground that the currents induced 
in the coil are too feeble to cause a vibration of the diaphragm as 
a whole. They contend that the induced cun'ents in the coil cause 
a vibration among the molecules of the iron core, which in turn 
causes a vibration among the molecules of the diaphragm; and that 
it is these molecular vibrations that cause the sonorous air vibrations 
and not the vibration of the diaphragm as a whole. In support of 
this theory Ader constructed a receiver without a membrane; and 
Antoine Bregnet replaced the thin diaphragm by one whose thick- 
ness was 14 centimeters. However, whether it be the vibrations 
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of the diaphragm as a whole, or only those of its molecules, has no 
direct bearing on the theory of operation already described. To 
show the extreme sensitiveness of the receiver, W. H. Preece made 
one respond to a current which was .fM)0,O0(),00O.00(l,() ampere, 
which is equivalent to six ten thousand millionths of a milli- 
ampere. 

The stress existing between the poles of the permanent mag- 
net and the soft-iron diaphragm, will be seen to vary as the square 
of the intensity of the magnetic force. I^et the intensity of the 
permanent field be denoted by K and the amplitude of the undula- 
tions of the magnetic force by «. Tlien the stress between the 
poles and diaphragm is proportional to S', and the range of varia- 
tion of the magnetic force is equal to 2». The magnetic force 
therefore varies from S — « at a minimum to S + » at a maximum; 
and the stress varies from (S — »)' to {S + «)'. The range of varia- 
tion is therefore 4«S, which means that it is proportional to the 
product of the permanent into the undulating field. 

Now the vibrations of the diaphragm are proportional to the 
varying stress u|)on it, hence in order to get the best results, the 
variation in stress must be as great as possible. The above state- 
ments show that this result is obtained by making the permanent 
field very strong. A limit is reached, however, wben the perma- 
nent field is made so strong that the resultant stress causes the 
diaphragm to lose its elasticity. Secondly, when the permanent 
field is greatly in excess, the variations ceasfe to be appreciable. 
Ordinarily S ia greater than s. If S^^x the magnetic force will 
vary from O to 2«'. If the magnetic field be abolished the m^- 
netic force will vary from — « to +*, and the stress will vary 
from «■ through zero to s' again. The resolt will be a reduction 
of the distinctness of the articulation. 

It will be observed that the only force made use of in operat- 
ing this form of the telephone is that of the sound waves at the 
originating station. This force is very small and the resultant 
forces are therefore of a like magnitude. It became obvious, there- 
fore, that a mechanism must Ije devised to make use of some greater 
force than that of the sound waves, if the te]ej)hone is to trans- 
mit speech successfully over any considerable distance. The in- 
strument invented to perforin this work is called the niii.Toji/iotit:. 
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Microphone. If sooie mecbaniam could be derieed wbich 
would vary tbe current in barmony with tbe undnlationB of the 
sonorous waves, and this varying current could, through the agency 
of an induction coil, induce a current in the coil of the receiving 
telephone, the problem would be solved. In 1877, Edison con. 
eeived tbe idea of utilizing the fact that tbe reBiatance of carbon to 
tbe flow of the electric current, depends upon tbe presBure; an in- 
crease in pressure producing a decrease in the electric resistance, 

Tbe first carbon transmitter was constructed by Edison in 
1877, and its present form is that shown in Fig. 31 in which A 
represents an ebonite mouth piece and B a vibrating plate secured 
iirmly to tbe frame C. At D is shown a disc of prepared carbon, 
about the size of a shilling which can be adjusted with respect to 
the vibrating plate by means of 
the screw E. Placed on the 
upper surface of tbe carbon but- 
ton, is a small platinum plate 
with a rounded ivory button, by 
means of which the vibrations 
of tbe plate are communicated to 
the carbon disc. There are two 

binding posts MM', the first be- pjg_ 3i_ 

ing insulated from the metallic 

frame by tbe bard-rubber bushing N. Attached to the binding 
post M is a metallic spring 8 which bears on the j)eriphery of tbe 
insulated ring K. Tbe circuit goes from M through the spring S 
to K thence to the platinum plate through tbe carbon disc, to the 
screw, to the frame and out at the binding post M'. 

It has already been stated that it was necessary to make use 
of a current from a battery, the current varying in strength in 
harmony with, tbe sonorous vibrations, to obtain a greater amount 
of energy for the transmission of sound than is contained in the 
original sonorous waves. The transmitter just described is a 
mechanism wbich j)erforms this work. As tbe sound waves im- 
pinge U|)on the dia])hragm it vibrates in harmony with them caus- 
ing a vibratory pressure to be exerted through the agency of the 
ivory button uj)on tbe carboi^^i|c. . This vibratory pressure on 
the carbon causes it to offer a vibratory resistance to tbe passage 
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of a corrent of electricity; bo that if the terminals of a battery are 
connected to those of the transmitter, a vibratory or pulsating 
current will flow through the circuit; and the vibrations of this 
corrent will be in harmony with the original sound waves. It will 
be evident that the sensitiveness of this instrument depends on the 
ratio existing between the variation in the current and the total 
value of the current flowing. This ratio in turn depends on the 
proportion of the resistance of the carbon disc to the total resist- 
ance in the circuit. 

To illustrate, suppose that the resistance of the carbon disc 
is 10 ohms, and the amplitude of the variation in the resistance 
is 5 ohms. Suppose also that the resistance of the circuit ex- 
clusive of the carbon disc is 5 ohms. With the transmitter in its 
normal condition the total resistance in the circuit would be 15 
ohms; and if a battery of 2 volts be nsed the amount of current 
flow would be -j'j^.133. 

If the resistance of the carbon 
disc is now decreased to 5 ohms, 
the total resistance of the circuit 
becomes lOohms, and the amount 
of current flow is -j^^=.2. In 
other words, the current flow has 
been increased from .133 to .3 or 
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50 per cent. If on the other 
hand with all other conditions 

remaining unchanged, the resistance of the circuit exclusive of the 
carbon disc be 100 ohms the total resistance of the circuit would 
vary between 110 and 105 ohms, and the current flow would there- 
fore vary between .0181 and .019 or 5 per cent. 

When the transmitter was first invented it was to De con- 
nected directly to the line causing the exciting current to flow to 
the other station. The resistance of the circuit was thus added to 
that of the transmitter, restricting the transmission to very short 
distances as will be seen from the above. Edison overcame this 
difficulty by including in the transmitter circuit the primary wind- 
ing of an induction coil; the secondary winding being connected 
to the line as shown in Fig. 32. Tlie sensitiveness of the trans- 
mitter therefore became independent of the length of the line. 
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The variable current of the transmitter circuit passing through 
the primary winding of the induction coil, induces in its secondary 
winding an alternating current of high tension, the alternations 
being in harmony with the original sound vibrations. In this 
manner the transmitter can be successfully used for very long lines. 
Hughes Transmitter' In 1878, Professor Hughes devised a 
transmitter which depended upon the variation in resistance of a 
loose contact. This iuBtrument was tried in several forms, one of 
which is shown in Fig, 33. It consisted of a carbon pencil A 
terminating at a point at each end, which rested in circular de- 
pressions in two carbon blocks B B'. These blocks were fastened 
rigidly to a thin board C and formed the termiuala of the circuit. 




Fig..n 



This instniment is very sensitive, responding to the slightest ri- 
bration; it forms the basis of the transmitter of to-day. 

The Blake Transmitt^. In Fig. 34 is shown one of the more 
recent forms of the transmitter, that tried by Blake. This instru- 
ment is mounted in a wooden box shown in section at A and con- 
siatB of an iron ring having two projecting pieces B and B'. Upon 
the upper projection is fastened an iron angle piece C by means 
of a brass spring D. The lower end of C rests against the adjust- 
ing screw £. Mounted on the iron ring is the diaphragm U 
which consists of a circular iron disc surrounded by a rubber ring 
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H stretched over its periphery. It is held in position by two 
springB M and .M', Fig. 35, which are fixed to the ring A and 
press the one directly upon the rubber ring and the other upon 
the diaphragm itself. At the upper end of the angle piece C are 
fixed two springs F and (i. Fig, 31. Spring F is of thin flexible 
steel and has at its free end a platinum contact. This free end 
presses against the center of the diaphragm and the carbon disc K 
is pressed against it by means of the spring (i which is attached 
to the brass plate holding the disc. The springs F and G form 
the terminals of the circuit which passes through the carbon disc. 
By means of the adjusting screw E the pressure of the carbon disc 
against the diaphragm can be varied. The two springs M and M' 




Fig. 34. 



Pig. 35. 



are to keep the diaphragm from singing or to iriake it '-dead beat." 
This form of transmitter lias been very Huccessful in the past, but 
has been superseded by others which will be described. 

Berliner Transmitter. A form of transmitter which is of his- 
toric interest is the Berliner transmitter, shown in Fig. 8(1. It 
consists of a wooden box A fitted with a screw cap B. On the 
rim of A is fastened a brass ring C to which is clainj>ed the carbon 
diaphragm D consisting of a carbon plate which forms one elec- 
trode. The carbon block E forms the si'cond electrode, and has 
in its lower surface three concentric grooves. This bloi-k is held 
in position by the screw F, which has at its upper end a micro. 



lrecoi»^.OOQIC 



38 TELEPHONY 

meter nnt G. The end of this screw, which passes through the 
carbon block, is turned down to receive a. small rubber tube 11 
whose edge rests on the carbon plate and thus damps the vibra- 
brations and makes it dead beat. A ring of felt O whose edge 
rests on the carbon plate, surrounds the carbon block, thus forming 
a closed chamber, which is filled with carbon granules. A cylin- 
drical shank I is screwed to the cover B and to this a mouth piece 
J is attached. The advantage of this transmitter is that the dia- 
phragm is always horizontal, with the granules lying above it. 
The granules are thus prevented from settling down when the 
instrument is shaken. It is a very efficient transmitter and is 
used largely in South America. 

Hunnings Transmitter. In 
this transmitter granular carbon 
is used. The receptacle contain, 
ing the carbon dust is held in 
a horizontal position, A metal 
k plate insulated from the frame, 
but touching the carbon, forms 
one of the electrodes, while the 
frame forms the other. Al- 
though this transmitter is very 
sensitive, it is defective on ac- 
count of the carbon granules' 
packing together. In this con- 
dition the mobility of the parti- 
cles is impaired, and the trans- 
mitter rendered useless. 
Solid-Back Transmitter. 
pj 3(. The great disadvantage of the 

granular carbon transmitter is 
the tendency to "pack;" by this is meant the crowding together of 
the granules into a compact mass, which greatly reduces the sensi- 
tiveneas. In fact, when the carbon becomes packed the transmit- 
ter is useless. This packing can be readily overcome by striking 
the side of the transmitter a sharp blow with the hand. This 
practice however cannot be recommended, for in the hands 
of a layman it is not conducive to the longevity of the instru- 
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meat. To reduce the packing to a minimum the Bolid back was 
devised. This transmitter is shown in section in Fig. 37; it con- 
sists of a thin brass chamber A which is made of ' -inch stock. 
Securely fastened over the opening of this chamber is a heavier braes 
disc B having a circular opening in its center, into which is screwed 
a hard rubber mouth piece C. The diaphragm is a thin metal 
disc having its edge covered with India rubber and securely fas- 
tened to the inner surface of B by means of two springs shown at 
A and B in Fig. 38. These are identical with the springs shown 
in connection with the Blake transmitter. 

The two electrodes consisting of two finely polished carbon 
discs E and E', Fig. 37, are fastened to the inner side of a metallic 
chamber which consists of two parts. The rear part F is in the 
form of a circular cup which is firmly held, by means of a pin and 
set screw, to the brass bridge G. The front part consists of a 




Fig. 37. Fig. 38. 

brass cap H H which is screwed to the front end of F. The front 
carbon E' is securely fastened to a brass plate equipped with a 
pin which fits a hole in the center of the diaphragm, and la held 
in position by two small check nuts L L'. A ring of mica O O' 
has its outer circumference securely held between the brass cap 
II H and the edge of F, while the inner circumference is clamped 
securely by the brass nut I, The braHs plate and its attached carbon 
disc are therefore insulated from the other electrode which makes con ■ 
tact with the framework. The chamber P is nearly filled with finely- 
powdered carbon which closes the circuit between the two plates, 
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A hard-rabber block is securely fastened to one side of the bridge 
and has a hole drilled into which is fitted a copper hushing. This 
buBhing forms the contact for one side of the circuit, the terminal 
being held in position in the hole by a small set screw. To a 
small lug on this bushing is soldered a fine wire, the other end of 
which is Boldered to the brass nut I. The other terminal of the 
circuit is on the frame of the transmitter. The position of this 
transmitter being normally as shown in the tignre, the carbon 
granules cannot pack around the carbon plates. 

This transmitter has given the best results of any yet devised, 
and for this reason has superseded all other forms. The Bell 
Telephone Companies of America use the solid-back transmitters 
exclusively on metallic lines; while on grounded circuits the 
Blake transmitter is preferred. The independent, or so-called 
opposition companies, in America, use a transmitter which is 
constructed on the principles of the solid-back. 

Induction Coil. As the theory of induction coils has already 
been discussed, let us now take up the special requirements of this 
form of apparatus when used in connection with the transmitter. 
It has already been shown that the circuit carrying the transmitter 
must be so arranged that the resistance of the external portion 
will be as low as possible. On the other hand the primary wind- 
ing of the induction coil must have a sufficient number of turns to 
produce the required m^netic field. It will be seen therefore that 
the resistance of the winding of the primary coil must be very small 
in proportion to that of the transmitter. The formula expressing 
the magnetizing effect of a coil is as follows: H^1.26«*/i in 
which H equals the strength of field in lines per square centi- 
meter, 3 the number of turns of the coil per centimeter length;^, 
the permeability of the iron core, and i the current strength in 
amperes. 

From this formula it will be seen that the greater the number 
of turns and the greater the current strength, the greater will be 
the strength of the resultant field. It has been shown, however, 
that the resistance of the coil is limited by that of the transmitter, 
and therefore tbe number of turns of the coil is limited by the 
same factor. Since the quantity n cannot be increased at will, the 
only way to increase II is by making i as large as possible; this is 
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done by incrsiteiag the nrnnber of cells used on the circnit. The 
value of the quantity i has its limitations inasmuch as excessively 
lai^ currents tend to beat the carbon of the transmitter and throw 
it out of adjustment. 

By trial the following, proportions have been found to give the 
best results: In the Blake transmitter the resistance of the pri. 
mary coil is 1.050 ohms and the E. M. F. used is abont 3.2 volte. 
In the solid-back transmitter, which is capable of carryinga heavier 
current than the Blake, the resistance of the primary coil is cut 
down to about ^ ohm. The potential used with this class of in- 
strument is usually about 4 volts. The resistance of the solid-back 
transmitter under normal conditions is about 10 ohms, but is often 
as high as 30 ohms during use. The current density passing 
through the transmitter is about .25 to .3 ampere. The mechani- 
cal construction of the induction coil depends upon the shape and 
size of the instrument in which it is to be osed; this will be dis- 
cussed later. 

An account of some of the more important tests will now be 
given. The results are those of a series of tests made by the Swiss 
government on ten different induction coils; the Blake transmitter 
being taken as the standard instrument. The experiments were 
made on five working circuits ranging in length from .5 to 107.4 
kilometers in length. The induction coil used ae a standard of 
comparison was of American manufacture; with the primary coil 
having a resistance of 1.05 ohms and the secondary a resistance of 
180 ohms. The dimensions of the coils tested ar^ given In the fol- 
lowing table: 



Number 
of 

Coil. 


Number 

or 

CkiDTolutiona 


Dism. 
o( 


B«Histaiice 


Number 
of 


Diam. 

ot 
Wire. 


Resistance 


Wire. 


ohms. 


ohms. 


1 


61 


.5 


.26 


19B6 


.15 


100 


2 


62 


.6 


.25 


3191 


.15 


180 


8 


62 


.5 


.26 


4080 


.15 


250 


4 


116 


.5 


.50 


3952 


.15 


250 


5 


230 


.5 


1.00 


3865 


.15 


250 


6 


232 


.5 


1.20 


4420 


.15 


300 


7 


295 


.5 


1.50 


4278 


.15 


300 


8 


368 


.5 


2.00 


47.% 


.15 


350 


9 


• 368 


.75 


1.17 


4735 


.30 


130.2 


10 


1350 


.6 


1000 


3950 


.15 


400 
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By means of a suitable switch any one of the above coils 
could be instantly cut into circuit at any time during the test so 
that a comparison could be made with the standard in a short 
enough time to enable the tester to retain the original impression. 
In this manner each coil was compared with the standard. The 
intensity and clearness of the standard coil is taken as one. The 
results of the ten coils are shown in the following table: 



Length 
Kilometers. 



INDUCTION COIL. 



In the above table there are two sets of figures for each coil, 
opposite every distance. The figures in the upper row denote the 
intensity; those iu the second row, the clearness. The table shows 
that the same induction coil does not give equally good reaults on 
all lines. For example, coil No. 1 has an intensity of .3 on a line 
,6 kilometers long; while on a line 61.6 kilometers long this figure 
rises to .9, almost equalling the standard. On the next longer 
line, this quality falls to .3, bat rises again to .7 on the 
85.3 kilometer line. On the longest line it again falls to .2. Coil 
No. 2 acts more uniformly in the point of clearness, being about 
equal to the standard on all bnt the 85.3 kilometer line, where it 
rises'to 1.3. On the whole, coils No. 4 and No. 9 give the best 
results for general use, and conform in point of make up to the 
best practice of to-day. 

Complete Telephone. Thus far we have discussed only the 
two essential features of the telephone instrument — the transmitter, 
or that which converts the sonorons vibrations into electrical 
vibrations; and the receiver, or that which converts the electrical 
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vibrations back into sonorous vibrations. Let us now take up the 
telephone iristrumont, which makes use of these two essential 
principles, together with some auxiliE^ry features. 

In addition to transniitting speech, a complete telephone 
instrument must also be able to convey some sort of signal from 
one end of the line to the other, in order to inform the party at the 
distant end that attention is desired; it must also be able to 
receive a signal thus transmitted from the distant end. In all 
cases the bell is used as a means of receiving the signal, while a 
small hand generator is used to transmit the signal to the distant 
end. The method of connecting the bell and the generator has 
given rise to two distinct classes of instruments, each possessing 
distinctive features. These two classes are called the aeries tele- 
phone and the bridging telephone. 
The method of wiring up a series 
instrument Is shown in Fig. 39, in 
which the line enters at A, and 
tenninates at a peculiar shaj 
switch C. This switch is so con- I 
structed that it moves in a vertical 
direction and when in its upper 
position makes contact with the 
two points D and E. When de- 
pressed, the contact with D and E 
is opened and that with F closed. 
Assuming the switch to be in the 
latter position (closed) the circuit 
passes through the contact point F to the generator and B bell coils 
K and thence through the binding post A' to the other side of the 
line in the case of a metallic circuit or to ground at G when the 
earth is used as a return. It will be seen that under these condi- 
tions the generator B and bell K are in series on the line. The 
generator Ij is equip]>ed with a shunt L which is closed when the 
generator is out of use, thereby cutting the resistance of the gen- 
erator armature winding out of the circuit. When the handle of 
the generator armature is revolved this shunt Is automatically 
opened so that the generator is ready for use. 

Assume a line to be equipjjed at either end with a telephone 
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wired aa shown in Fig. 39. If a call is seat from the diBtant end 
by revolving the armatnre of the generator at that point, the 
alternating current thus produced arrives at the binding post A, 
passes through the bell K (by the route already shown) to the post 
A' and returns. The bell is therefore sounded. Should the signal 
be sent from this eud,the armature of the generator is revolved, the 
shnnt L being opened thereby and the current flows out on the 
line at A. It returns either metallic or through the earth to A', 
thence through the bell K to the contact F, through the switch 
back to A. 

When conversation is desired the switch is moved to its upper 
position opening the contact at F and closing those at D and E. 
The circuit from A passing through the switch C now follows the 
path from the contact D through the receiver G and the secondary 
winding I' of the induction coil back to A'.- The circuit including 
the transmitter passes from the battery J through the primary 
winding I of the induction coil to the contact E, thence through 
the switch C to the transmitter II returning to the opposite side of 
the battery. The circuit including the bell is open at F. Assum- 
ing that the switch of the telephone at the distant end of the line 
is similarly adjusted, conversation is possible. Suppose that th«* 
telephone at this end be used to transmit. The sonorous vibrations 
impinging on the diaphragm of the transmitter II cause a variable 
current to flow through the circuit in the manner described above. 
This induces a current in the secondary winding I' which, flowing 
out on the line, actuates the receiver at the distant end. If the 
instrument at the distant end be used to transmit, the induced 
current generated at that end flows over the line and actuates 
the receiver at this end. 

An examination of the circuit will show that whether the 
instrument at this end be used to transmit or to receive, the induced 
current passes through the receiver. The same is true of the tele- 
phone at the distant end. The sound produced in the receiver of 
a telephone (when that telephone is used to transmit) is called a 
side tone. Allusion will be made to this later on. lieferring to 
the switch C it will be seen that it is to close the bell circuit and 
open the receiver and transmitter circuits when the instrument is 
not in use. By this means the circuit containing the transmitter 
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battery J is opened during this period, the cnrrent oeaBea to flow 
and the life of the battery is therefore prolonged. On the other 
hand, the bell and the generator are in circuit ready to receive or 
transmit a signal. It is absolutely iiecessary to keep the bell otit 
of the talking circuit becanse its resistance and impedance would 
so cut down the induced current as to seriously impair the efficiency 
of transmissioa. This form of instrument was designed at the 
time when grounded circuits were almost universally used. It 
served its purpose admirably. Even with'the advent of the metallic 
circuit it was still retained, and up to the present time is not alto- 
gether discarded. 

The three pieces of equipment that have not yet been described 
in detail are the generator, the bell and the switch. 

The Generator is shown in Fig. 40 and consists of a perman. 
ent magnetic circuit made up of four horse-shoe magnets, A, A', 
A" and A'" fastened t(^ther by the three bolts B, B' and B". The 
pole pieces consist of two iron castings, the edge of one of which 




Fig. 40. 

is shown at C, The armature shaft is supported on two cast-brass 
bearings which are screwed to the ends of the pole pieces, one of 
which is seen at D. At the distant end the armature shaft is 
equipped with a pinion I, which meshes with a spur gear II. This 
gear is securely fastened to a crank shaft F, which rests in two 
strut bearings, one of which is shown at (i. The crank is shown 
at E. A prolongation of the armature shaft J makes contact with 
the spring K when the crank is not turned. This contact forms 
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one of the terminals of the shunt, the other terminal being perman- 
ently connected to the other terminal of the armature winding. 
When the crank is revolved a contiealed spring draws the point J 
away from K, breaking the contact. One terminal of the armature 
winding is insulated from the armature shaft, while the opposite 




Fig. 41. 

terminal is electrically connected to it; the return circuit being 
made through the shaft and frame of the generator. 

The construction of the armature is shown in Fig, 41, in 
which the armature core is shown at A. It is made up of thin sheets 
of soft iron, one of which is seen at E. The armature shaft is 
shown at B and the insulated contact that automatically closes and 
opens at C. The coil of the armature is laid in the slots M and M' 
and ia wound end for end. One terminal of the coil is electrically 
connected to the contact point C, while the other terminal is con- 
nected to the shaft B. Fig. 42 shows the end of the armature 
shaft carrying the pinion A. The spring C automatically makes 
and breaks the shunt circuit; the spur gear is shown at B. 

The Bull. In a series instru- 
ment, the bell is wound to a re- 
sistance of 80 ohms. It is made 
up of a two-pole electro-magnet 
with the armature pivoted in the 
.center so that it vibrates in front 
of the two poles. There is noth- 
ing peculiar about its design with 
the exception that it is given a 
bias by means of a permanent mag- 
net placed alK)ve the armature and 
at a variable distance from it. ' '^' "" 

The action of this magnet is to attract one side of the armature 
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away from the pole of the electro-magnet, so that it always assnmes 
that position when the hell is not in use. By adjusting the 
distance of the permanent magnet from the armature, the degree 
of bias can be regalated. If this distance is too short, the alter- 
nating field of the electro-magnet will not be strong enough to 
oYercome its pull and the bell will not ring. The clapper of the 
bell is a small steel ball placed at the end of a steel wire, the other 
end of which is fastened to the center of the armature, bo that the ■ 
clapper vibrates with the armature. Two gong-shaped bells are 
placed on opposite sides of the clapper so that each stroke produces 




Pig. 43. 



a ring. In Fig, 43 is shown a magneto box designed to hold the 
generator, hell and switch ; the bell colls are shown at A A', the 
vibrating aniiature at B and the permanent magnet to produce 
the bias at C. This apparatus is mounted on the inside of the 
doer of the box as shown, Tlie bells project from the outside. 

The Switi-k D is pivoted at E. When the instrument is not 
in use the receiver is hung on the hook D, and its weight brings 
the switch down to its lowest position. Upon the receiver being 
removed, the spring G pusliea the switch up again; the contact 
points are shown at F. In the position shown the switch makes 
contact with the two upper points, tlie lower one remaining open, 
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The Receiver. It has been said that the receiver in use to-day 
is practically the same as that of the original Bell telephone already. 
described; but this is trne only in general because several import- 
ant improvements have been made, lieceivers may be divided 
into two classes: shujle-pole and bi-poJ<ir. Bi-polar receivers are 
more sensitive and are displacing the other type. One ot these is 
shown in Fig. 44. It consists of a hard-rubber shell shown at 
G tr', one end of which is enlarged to supjK>rt the binding posts 
D and D', and also to hold the screw B, which secures the permanent 
horse-shoe magnet A made of bard steel. Fastened to the poles 
of this magnet are two soft-iron cores £ E', each one surrounded 
by the exciting coil. From the two binding posts two heavy copper 
wires CC lead to the terminals of the electro- magnetic coils IT. 
The diaphragm O is held in place by the hard-rubber cap F. 

In addition to the design of the receiver, 
considerable experimenting has been done 
to determine the best materials. For the ■ 
diaphragm, soft iron has been found to be 
the most suitable on account of its sus- 
ceptibility to magnet influences. As to 
size, it has been fouud that a diameter of 
2,4 inches gives the best results. The 
flexibility increases with the area of the 
diaphragm. But while a certain degree of 
flexibility is desirable in order that the 
whole diaphragm may be thrown into vi. 
bration, an excess will cause the free vibra- 
tions to become too marked, thereby reduc- 
ing the clearness. To obtain the greatest 
etheiency, the thickness of the diaphragm 
should be from .OOS to .012 inch. It 
. should be perfectly homogeneous, and«e- 
curely held about the rim. A thin layer 
of varnish is used to prevent the metal from 
Fig-*4 rusting. The inner surface of the dta 

phragm should not make mechanical con- 
tact with the poles of the receiver; there should be an air space of 
about .^^ inch in order that the vibrations may not cause the metal 
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to strike the poles. The reBistance of the coila, variea between 
75 ohms and 135 ohniB, and equally good results have been obtained 
with the one as with the other. Most receivers now in use have 
a resistance which varies between 75 and 80 ohms. 

The single pole receiver is similar to that shown in Fig, 
44. For operators, a receiver lias been designed to be fastened on 
the head by a steel spring. This type is called a head receiver. 
One of these is shown in Fig. 45. It will be seen that the body 
of the receiver is flat, due to a shortening of the magnetic circait. 
The steel spring clip is made in one piece, as shown in Fig. 45, or 
a doable piece as in Fig. 46. This receiver is the same as that 
already described, and is usaally of the bi-polar type. 

Let ns now consider the form of the coils placed npon the pole 
pieces. The induced currents passing through these coils, which 
for convenience sake may be called the talking currents, are very 
small in intensity, varying between .0001 to .00001 ampere; as a 
result the mf^netic inflaences prodaced thereby are also very weak. 




Fig. 45. Fig. 46. 

Therefore to make them effective, the coil windings mnst be 
placed as near the iron cores as possible. Only very fine silk- 
covered wire is permissible — that having a diameter of from .004 
to ,006 inch. About 710 txirns are used in each coil — a total of 
1,420 tarns. In a single pole receiver, the 1,420 turns are wound 
on one coil. For a single-[>ole receiver, the shape of the coil is 
circular, while those of the bipolar receiver are elliptical. 

The Bridging Telephone. Let A and B, Fig. 47, represent 
two telephone stations on a line. Assume both of these stations 
equipped with series bells. If now it is desired to connect an 
additional telephone to the line, the ditKcuIty will at once become 



ogle 



50 



TELEPHONY 



apparent. If the third station be cut in as shown at C the three 
bells will be bridged across the line. With the low resistance to 
which the series bells is wound (80 ohms) the third bell would 
shunt so much current from the other two that they would ring 
very faintly. A more serious condition: during conversation 
between any two of the stations, the bell of the third one would 
still be bridged across the line. The result would be that so much 
of the talking current would be shunted by the bell that conversa- 
tion would be possible only on lines of a few hundred feet in 
length. If more telej)hones were added to the line, the effect 
would be still more marked. On a very short line it might be 
possible to operate three telephones wired in this way, but it would 
be impossible to operate a greater number. Even with the beat 
conditions the results with the three telephones would be far from 
satisfactory. 
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To make the use of more than two telephones on a line possible, 
and to overcome the difficulties described, the h-rldijing brtU was 
invented by Mr, J. J. Carty, Chief Engineer of the New York 
Telephone Company. The principle of this bell is best explained 
byquotingfrom the patentspecifications,whicl! call for a "bell of 
high impedance, permanently bridged across the telephone circuit." 
The bell having a high impedance, does not shnnt out an appreciable 
amount of current. The original bridging bull was wound to a 
resistance of 1,000 ohms, and to-day this figure is the standard. 

The number of turns on the bell coils is much greater than with 
the aeries bells, therefore the current density necessary to produce 
the ringing is much less than with the other type. Again, the 
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impedance of the bell coHb ib bo high, compared with tliat of the 
circuit throagh the telephone receivers, that the amount of talking 
current ehunted is inappreciable. 

The method of connecting np the telephone with the bridging 
bell IB shown in Fig. 48, in which A represents the generator, B 
the bell coils, H the receiver, C the secondary winding of the 
induction coil, D the primary winding, E the transmitter battery, 
F the transmitter and fi the hook switch. It will be seen that the 
generator A tt^ther with the bell coils B are permanently bridged 
across the lioe. The generator armature ia provided with an 




automatic switch, which leaves the armature coils on open circuit 
during the time that the generator is out of use. Upon turning 
the crank the coil is cut into circuit. The only difference between 
the wiring of this telephone and that with the series bell, is in the 
switch. It will be observed that with the bridging bell the hook 
switch ia not provided with a lower contact. The only contacts 
are tbose marked 1 and 2, which form the circuit for the receiver 
and the transmitter. As in the case of the telephone equipped 
with the series bell, these two contacts are opened when the switch 
moves to its lowest position, and are again closed when the switch 
returns to its highest position. With this form three or more can 
be connected to a Hue without interfering with the transmission. 
The greatest number of telephones of this type that can be success- 
fully operated on one line will be treated more in detail later. 
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While the efiaential psrts of a telephone remain unchanged, 
the method of aasembly or mechanic&l construction difEera consid- 
erably in different types of the instniment. In this respect telephone 
instruments may be divided into four clasees: The framework of 
the desk cabinet telephone is made up in the form of a desk, so 
that the pereon nsing it may sit down and write. With the wall 
cabinet telephone, the subscriber stands up, but also has a surface 
to write on. These two types are so constructed that a cabinet is 




Fig. 49. Pig. 50. 

provided for the reception of the battery. With wall tele[dioties 
the transmitter, induction coil, bell and generator are mounted 
upon a back board to fasten on the wall at any desired height. 
A small shelf is usually provided for writing. The transmitter of 
the desk stand telephone is mounted on a metallic arm provided 
with the hook switcb. This stand is portable and constmcted to 
set on a desk or table. The box containing the bell and generator 
is usually mounted separately a^ is also the induction coil. 
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In Fig. 1!) will be Been an illustration of a desk cabinet set, 
of one of tiie most approved types. It consists of a desk-like 
structure, aj)on which is mounted a cabinet A A' equipped with a 
glass front through which are seen the generator B, the bells C 
and the induction coil F. The switch D has its hook end pro- 
jecting through a slot in the side of the cabinet; and the pivot end 
can be seen through the glass cover. The receiver E is seen in its 
position on the book, and is connected (by the flexible cord I) to 
two binding posts, one of which forms the line terminal, and the 
other the terminal of the secondary winding of the induction coil. 
This cord is made up of two conductors of fine copper tinsel, thor- 
oughly insulated by close cotton braiding, and together enclosed 
in a cover of heavy cotton braid. The transmitter which is of the 




Fi^. 51. 
solid-back type is seen at (). It is mounted on a stipporting arm 
S which is fastened to the top of the cabinet. Tlie circuit froju the 
primary winding of the induction coil- is made through the flexible 
cord M. which is constructed of very fine copper strands, insulated 
with silk and cotton winding and covered with a close heavy silk 
braiding. The transmitter is fastened to the arm by means of a 
milled-head screw, so that it can be adjusted to the proj)er height. 
The return circuit is through an insulated wire attached to a bind- 
ing post placed on the foot of the arm. An enlarged view of the 
arm is shown Fig. 50. The binding post is seen at A and the 
milled-head scr6w,for securing the transmitter, at B. The flexible 
cord is seen at C, The batteries are held in a cabinet, which is 
closed by a movable door K. 
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The plan of the wiring is Bhown in Fig, 51. Here the line 
wirea 1 and 2 are ran to the binding posts A and A', A being 
wireddirectly tothebindingpost B. The post A' is wired directly 
to the switch S. Tha binding post B' is wired to the secondary 
coil, and Its other terminal to the contact point S. The contact 
point is wired directly to the, primary coil, whose other terminal 
ia wired to the binding poat 7, thence down to the batteries placed 
in the cabinet as described, from which the wire comee up to the 




Pig. 53. 

binding post 3. The flexible cord M, 
Fig. 49, runs from the poat 3 to the 
transmitter K, the return circuit go- 
ing to binding post 4, which in turn 
is wired permanently to the switch S, 
The receiver is shown at C, and the 
receiver cord at D. The bell coils I 
are bridged across the line at A and 
A'. The generator E is bridged 
across the bell coils. All permanent 
wiring is done with No. 19 B & S 
gauge rubber- covered wire laid in 
channels. 
The telephone of the wall-cabinet type consists of the same 
essential features as the desk-cabinet aet. The induction coil, gen- 
erator, bell aud switch are mounted in the cabinet which has a 
glass front. The tranemitter arm ia of the same type, but shorter 
than that used on the desk-cabinet sets. The battery cabinet is 
made in three compartments, one above the other, each one large 
enongh to hold one Fuller battery. 

Ill FifT. 52 is shown a wall set. It consists of a back board 



Fig. 52. 
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AA apoB which are monnted the magneto-bell box B, and the 
transmitter C with its supporting arm. The bottom third of the 
back board Is flared ont to accommodate the battery bos D, This 
bos is designed to hold three Leclanche batteries. When Fuller 
batteries are used, a separate bat- 
tery box is provided which iB placed 
on the floor. In the instrument 
shown, the induction coil is mount- 
ed in the magneto box; the trans- 
mitter anil being merely a sup- 
port. In Fig. 53 is shown a trans- 
mitter arm which has a metallic ' 
receptacle A for the induction coil. 
Both styles of arms are pivoted at 
'' for the adj nstmen t of the height. 
Fig. 54 shows a modification 
of the wall set in which the battery 
box is so designed that the cells 
may be placed one above the other. 
The back board can then be made 
narrower thus saving wall space. 
The magneto-generator box is 
shown in Fig. 43. Fig. 55 shows 
a slightly modified form which is 
used by the Bell companies for 
series telephones. The hook switch 
A is pivoted at B and its heel is 
equipped with a platinum point C, 
which, when the switch is in the 
upward position, makes a contact 
with two springs, one of which is 
seen at D. Beneath the heel of 
the switch is a hard. rubber block E which presses against the two 
springs and breaks the contact when the switch ia depressed. 
Beneath the switch is a spring F which presses the hook upward 
when the receiver is removed. Fastened to the under side of the 
switch is a small hard. rubber block G which insulates the spring 
when the switch is at its highest point. Just in front of G is a 
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wedge-8haped projection H having a platinum point which makes 
contact with F when the switch is at the loweat position, thus 
closing the bell circuit. At the end of the crank shaft opposite 
the crank will be seen a small pin I, which, when resting against 
J, closes the shnnt on the armature. Upon revolving the crank, 
this point is automatically drawn away from J thus opening the 
circuit. At the top of the box are three binding posts marked L 
P and L. The two marked L being for the line wires while P is 




Fig, 55, 
connected to ground, when the instmntent is used on a grounded 
circuit. At the bottom of the box are three pairs of posts, two 
marked T for the receiver cords; two marked B for the primary 
circuit and two marked M for the secondary. The wiring is the 
same as for the series bell. From the switch A projects a german- 
silver strip S to which is soldered all permanent connections. 

In Fig. 56 is shown the form of bridging bell used by the 
Bell companies. It is made up in the same form as the series 
bell. It will be observed however that the spring under the switch 
always makes metallic contact. Since there is no connection on 
this spring there is no necessity for insulating it from the switch. 
The pin at the end of the crank shaft remains normally separated 
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from itB contact, beiVig Kutcmatieally cloeed as the crank is turned, 
Tbe bell coiIb on this bell are longer than tbose Ehovn in Fig. 55. 
Thia is for the accommodation of the extra v]ie. Of tlie aix 
bindirrg posts on the bottom of the box, two (marked 11) are 
for tbe receiver cords; one marked P for the primary coil; one 
marked B for tbe battery; and two marked H for the secondary 
coil. Both of thyse magneto boxes are designed for wall Bets where 
the induction coil is in the transmitter arm. 




Fig. 56. 

la Fig. 57 is shown one of the types of desk-stand sets. Tbe 
transmitter is supported on a metallic shank A provided with a 
heavy base B. The shank is hollow and the hook switch passes 
through a elot, making all connections inside. Tbe receiver cord 
is shown at D, and makes connections inside of the base. With 
this style a separate magneto box is used, which may or may not 
contain tho induction coil. 

The plan of wiring is shown in Fig. 58 where R and S denote 
the terminals of the primary and secondary winding of the induc- 
tion coil respectively; the post between them being dead and used 
AB a connector only. One side of the transmitter circuit is wired 
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to the BwIteL by means of a flexible cord', connection to the other 
side being made through the frame and the contact 1. The receiver 
circuit is completed through the flexible cord A to the contact 2. 
In other respects the circuit is the same as that already described 
for a bridging bell. This type of telephone is used with either a 
bridging or series bell. 

Special designs are sometimes made to meet requirements. 
One of these is shown in Fig. 59. It is of the wall tyjw, and the 
bell, induction coil, generator and accessories are placed in a cabinet, 
on the door of which is mounted the transmitter arm. The trans- 




Fig. 57. 



Pig. 58. 



mitttT current is furnished by two dry cells. This is a very com- 
pact and convenient form of instrument, 

RelativeMeritsof Transmitter Batteries. It must be remem- 
bered that the microphone, consisting of the transmitter, battery 
and induction coil, depends for its operation upon the fluctuation 
of the current flow in the circuit. For its operation, this fluctu- 
ation must be in harmony with the sonorous vibrations. Since 
any fluctuation of the current produces an induced current on the 
line, and therefore a corresponding sonorous vibration at the 
receiving end, it is absolutely necessary for the pro|)er working of 
this apparatus that the fluctuations be produced solely by the 
change in resistance of the transmitter. In other words, the 
battery must give an absolutely constant current and all connections 
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on the circuit mnst be perfect. Therefore, a cell adapted for a 
traDsmitter circuit must give constant E. M. F. In this respect 
the Gravity, Fuller, LecUnche, Edison-Lalande, and the two types 
of the dry eel! already described are equal when in good condition. 
The Gravity battery is the least likely to produce Huctnations 
in the E. M. F. by getting out of order. If the zinc, however, ie 




fig. 59. « 

allowed to become very dirty from creeping-salt de[H>8it, a fluctua- 
tion of the E. M. F. is produced, which renders conversation over 
very long lines impossible. There are no cases recorded where 
this effect has been noticed with batteries having oil on the aurfaee. 
Impurities in the zinc tend rather to retard the creation of 
zinc sulphate, and therefore lower the E, M. F. of the cell. The 
principle source of trouble with this tyjie of cell is the colleetion 
of dirt on the zinc element, which interfercjf with the creation of 
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zinc sulphate, thereby rt-diicing the E. M. F. of the eel!. The 
zinc should, therefore, be kept clean. 

With the Fuller cell, care must be takeu to preserve the amal- 
gamation. To do this a little mercury is placed in the bottom of 
the porous cup, so that it can always be in contact with the zinc. 
tShouId the supply of zinc amalgam give out, severe local action 
would be set up by the contact of the chroniate of potash solution 
and such impurities as iron and other inetala. This local action 
would set up varying E. M, F.'s which wonld be in opposition to 
that of the cell. When the zinc is placed in the jrarous cup, care 
should be taken not to bend the copper wire at the edge of the 
battery cover. If this is done the zinc cannot feed down as it 
becomes used. The wire should be allowed to extend straight out 
three or four inches before being bent over. This type of cell 
becomes exhausted quicker than the Gravity battery, and ordinarily 
about iive renewals a year are required. The zincs tiuist be replaced 
about two or three times a year. 

In the Lec'lanche battery, the zinc is placed in contact with the 
active electrolyte, but it is purer than that used in the two cells 
already described. The zinc is amalgamated when first introduced. 
As it becomes eaten away, zinc sulj)hale crystals form, with the 
result that unless replaced by new, a loud hissing will result. 

Dry cells are used only on very short lines, and under these con- 
ditions, give fairly good results. The Edison ■ Lalaud battery is very 
seldom used on the transmitter circuit, being reserved for operating 
signals and other purposes to be described later. 

To sum up, the Gravity battery is best adapted where the 
coat of maintenance and renewal is high. They are used on the 
operators' transmitter circuit in country aud suburban exchanges. 
For the pro()er E. M. F. three cells are connected in series. The 
Fuller battery is l)est adapted for intermittent work at points near 
the supplies. Two cells in series are sufficient for ordinary use. 
The lA'claneho battery is used on the transmitter circuit of sub- 
scriber telephones in thinly populated districts, where the cost of 
renewal is high, and the number of long distance connections small. 
Three fells ill scries nn^ com tiionly used. On long distance lines 
three cells of the Fuller Imttery are commonly used on the sub- 
scribers' telephones. 
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TELEPHONY. 

PART II. 



TELEPHONE LINB5. 

The fundamental principles upon which the telephone works 
having been grasped, and the development of the complete tele- 
phone traced to its culminating point, it now becomes necessaiy 
to take up the subject of the nature of the line or circuit over 
whicli the talking current is transmitted, from the oiigtnating to 
the receiving end. Before the subject of line construction is 
taken up, however, it will be necessary to become familiar with 
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Fig. 60. 



the nature of the work required of the line, together with its dis- 
position and arrangement, in order that the proper connections 
may be made in the quickest and most economical manner. 

Teleplione lines must not only be so constructed mechani- 
cally and electrically as to carry properly the talking current, but 
also he so distributed as to afEord, at a minimum expense of mate- 
rial and labor, access to all points to which access is desired. 
The work of ari'anging lines with the object mentioned above is 
called distribution, and is based upon the following principles : 

The simplest method of distribution that can be conceived is 
that in which two telephones are connected togetlier by a hne 
eitlier grounded or metalhc, as shown in Figs. 60 and 61. In Fig. 
60, a and b represent two telephones connected by the line c, the 
return circuit being miule thiongh the ground between the points 
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d and e. Iii Fig. 61, a and b again represent two telephones ; but 
here they are connected by a metallic circuit c. The relative 
meiits of the grounded and tlie metallic circuits will be discussed 
later. 



Fig. ei. 



With the arrangements sliowit in Figs. 60 and 61, evidently 
cominnniciition can be established only between the two p>iiita a 
and h, eitlier in one direction or in the other. If it be desired to 
establish communication with a third point, a third telephone may 



Fig. 62. 

be bridged upon the line as shown at d in Fig. 62. In this case, 
communication can be establislied between a and b, a and d, or b 
and d. If a fourth point is to be brought into communication, 
this can be done as siiown in Fig. 63, where e represents the addi- 
tional telephone bridged on the line at this point. If the new 
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Fig. 63. 

points of communication lie beyond a or b, the line can be ex- 
tended accordingly and the additional telephone bridged on as 
before. 

It is evident that the flexibility of this system is limited by 
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the greatest number of telephones that ciiu bj brklgetl on a line 
withont cutting down the talking current to such an extent as to 
render transmission unsatisfactory, or the ringinir current to such 
an extent as to render the amount of signaling current that 
passes through each bell inaufBcient to ring it. Besides these two 
considerations, there is an additional one — namely, the fiict that 
a signal cannot be sent from any one station to any other with- 
out it being received at the remaining stations. Nor can conver- 
sation be carried on between any two stiitions without the 
possibility of it being overheard at the others, or without pre- 
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Pig. 61 

eluding the possibility of independent conversation being carried 
on between any of the others. It will be obvious tliat if each of 
the telephones be connected to a separate line, and if these lines 
be run to a common point at which is placed suitable apparatus 
for their connection together in any desired order, tlie above- 
mentioned difficulties will be overcome. In Fig. 64 is shown such 
an arrangement, where the four telephones a, 6, c, and d are con- 
nected respectively to tbe lines 1, 2, 3, and 4, which lines run to 
the common point e. By means of suitable apparatus placed at e, 
the circuit 1 can be connected to circuit 2, 3, or 4, and communi- 
cation thus established for a with either b, c, or d as desired. 
Similar connections can be made for b, c, and d. 

So far as the problems of transmission are concerned, the 
number of telephones that can he connected to tlie common point 
e is unlimited ; nor would the problems of line construction have 
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any bearing on the subject. The point to which these lines are 
run is called an exchange or central office. An employee must 
be placed in the exchange to make the connections required ;. and 
in order to attract the attention of this person, each line is 
equipped with a signal so designed aa to be operated antomati- 
ciilly by the generator at the telephone. 

The lines above described are called subscriber or sub-station 
lines from the fact that they connect the subscriber telephones to 
the exchange. By some telephone engineers the subscriber tele- 
phones are called su testations, whence the additional title. 




There are limitations to the number of subscriber telephones that 
can advantageously be connected to one and the same exchange, 
and among these limitations one of the most important is the cost 
of the line construction. To illustrate this point, in Eig. 65 let a 
and b be two towns sitmited in proximity to each other, and 
suppose that telephone communication is first established in the 
town a. After a while the inhabitants in town b desire to have 
communication. If only three or four people in the latter town 
desire service, it will probably be most economical to connect 
them by direct lines to the exchange In a. As the number of 
subscribers increases, however, a time will arrive when it will be 
most advantageous to establish an exchange in b and connect to it 
all tlie subscriber telephones in thb town. Then, to afford means 
of establishing communication between the two towns, a numbe' 
of lines will be built between the two exchanges. 

The point at which it becomes most economical to open a 
new exchange in the town b will depend on the following factors: 



ogle 



TELEPHONY 



Atisuming the quality of line construetion to be standard, the 
numbei' of telephones tliitt could be must economically o|)ei-ated 
through the exchange at a would vary inveraely as the distance 
between the two towns. It would vary directly with the cost of 
establishing and maintaining an exchange at b, which would itself 
depend on the cost of rent and tlie operator's salary. It would 
be influenced also by the number of communications established 
between the two towns. 

In Fig. 65 the numbers 1, 2, 3, etc. represent the subscriber 
stations in each of the towns, while the two lines e and e' represent 
the two circuits joining the exchanges. The lines that so connect 
the two exchanges are called trunk lities. When a toll rate is 
charged for communicating over these trunk lines, they are called 
toll lines. In large cities, where the cost of line construction is 
higli, it is advantageous to have several exchanges connected by 
trunk lines as shown in Fig. 65. 

It will be obvious that each subscriber line may be connected 
to as many telephones as it will carry under the limitations of 
transmission and signaling described above. Such an arninge- 
ment would be obtained by extending the line c. Fig. 63, to the 
exchange. In practice this is constantly done. Exclusive of toll 
lines, trunk lines never terminate In moi-e than two stations, one 
at each end. Toll lines, on the other hand, are sometimes con- 
nected to three or more stations. 

In the most advanced practice 
the location of the business and its 
probable growth are deteimined be- 
forehand as accurately as possible, 
and the distribution of subscriber 
lines is made from these data. In this 
way the work of subscriber-line con- 
struction can be pushed in advance 
of daily needs. The largest com- 
panies plan subscriber^line require- 
ments for two or three years in 
advance of actual needs. Under these 

conditions the subscriber lines are built to predetermined 
points of distribution. The idea will be better understood 
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by reference to Fig. 66, where a rein-esents an excliange situated 
in a large town or city. Let 1, 2, 3, 4, and 5 represent centers 
of distribution, that is, jioints about which the subsuiiber tele- 
phones cluster. To handle this business properly, lines, whose 
number would depend upon 

the number of subscribers, 

would be run out to these 
points as shown. To pro- 
vide for cases in which 
more than one telephone 
is connected to a circuit, 
some of the lines are 
equipped with branches as 
lown at b, c, d, etc, in the 
figure. These branches are 
made in two ways. Either 
a certain number of wires 
are turned aside at the 
branching point, or the re- 
quired number of wires are 
bridged off tlie lines at 
that point. This is illus- 
trated in Fig, 67, where 
the figures 1 to 11 repre- 
sent metallic lines emerg- 
ing from an exchange. At 
the point a the lines 8 to 
11 are turned aside and 
proceed to the point (. 
Tliis is a split branch. At 
Fig 87. the point e the lines 1 

to 4 are bridged to lines 
of the same number and proceed to d. This is a bridging 
branch. The lines 1 to 7 proceed to the main point of distribu- 
tion e. The points 6 and d are branch points of distribution. 
Should it be required to connect a subscriber telephone at d to the 
same line as is already connected to a telephone at e, this could 
readily be done by connecting the two telephones to one of the Lines 
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1 ti) 4. Should it l>e required to connect a subscriber telephone iit 
b to the Siinie line ay tbat carrying a tele|ihone iit t< or d, the bi idge 
would have to l>e made at the central office. This issomctimeii ad- 
Taub^eous. Tlie cent«nt of distribulion, whether main or bmnch, 
should be so located that the distance from any one of them to the 
moat remote subscriber telephone is not over 800 feet. In most 
cases this cnQ be accomplished. This condition enables a subscriber 
telephone to be connected to the exchange by merely running from 
it a line to the distribution point. Such a line can be run in from 
|-hour to two hours' time, and can be readily removed at small cost 
should occasion require. This line is called the bridle or drop line. 
Looked at from the standpoint of distribution, therefore, telephone 
lines are divided into two classes : Subscriber lines and Trunk 
lines. Each partakes of distinctive features to be described later. 

LINE CONSTRUCTION. 

The subject of distribution having been understood, it is now 
time to consider the methods adapted for line construction and to 
describe fully the nature of the materials required in this work. 
Looked at from the standpoint of conBtmction, telephone lines may 
be divided into two classes: Open-wire lines and Cable lines. 
Open-wire lines are those in which each wire is run indejiendetitly 
of its neighbors, and insulated from them by sufficient air space. 
The wires are tied to glass insulators which are placed on wooden 
pins set in holes on a wooden cross-arm. This cross-arm is fastened 
to a pole set in the ground, and at a sufficient heiglit not to obstruct 
ti'affic. Cable lines are those in which the wires, each insulated by 
a suitable covering, are twisted together in cable form and securely 
bound. Tlie cable may be covered with a layer of tape saturated 
with tar, or may be encased in a lead pipe. Both classes have spe- 
cial spheres of usefulness and are of equal importance. The open- 
wire line is used almost exclusively in country districts, and to a 
large extent in suburban districts. It is also used in small cities 
and, in a few instances, in lai^e cities. 

The cable line has the advantage of being capable of use for 
either overhead or underground work. In Fig. 6^^ is sliown the top 
of a pole equipped with two cross-arms, each accommodating ten 
pins. The pole is shown at n, and the two cross-arms at b and c. 
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Tli« cross-arms iire fosteiiet] to the pole by means of bolts wliiuh 
pass through the pole, being secured by nuts resting on WiVihei-s as 
shown at/ and/*. The cross-arm is held rigid by two cross-arm 
braces, as e and d, which are seemed to the cross-arm by two car- 
riage bolts, as ^ and y, and to tlie pole by a drive-screw, as A. The 
spacing of the cross-arms is 2 feet and that of the pins 12 inches. 
Upon these pins are placed glass insulatora, as shown at i andy. 
The insulators are constructed with a semicircular depression 
as shown, which is for the reception and securing of the wire. 
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For use in climbing the pole, steps are driven on opposite sides, 
as shown at m and n. The cross-arm bolts with tlieir washers, the 
cross-arm braces, tlie carriage bolts, the drive-screws, the pole 
steps, the pins, and the insulators are referred to as pole fittings, 
and will be discussed under that heading in this book. 

The Pole. This is the most important feature of the open- 
wire lines, and since it has to beur the load of the wires under all 
conditions it is essential that the wood used be selected with the 
utmost care. In America the following woods are used for tliis 
purpose : 

Norway pine lasts 6 years. 

Cheatuut ^ " 16 years. 

Cypress " 12 years. 

White cedtur " 10 years. 
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In former days white cedar was the fevorite wood among tele- 
phone engineers on account of its combination of strength and 
lightness. Chestnut, however, on account of its durability and 
toughness, is coming to replace cedar ; and the Bell companies, 
in building new lines or rebuilding old onea, use this wood almost 
exclusively. Juniper is abo coming into favor, being used exteii- 
eively in the South. Although not quite so strong as chestnut, it 
gives very good results. 

Everybody is familiar with the annual rings exhibited by a 
croga-section of a tree when sawed through. These are caused by 
the difference in the rate of growth of the tree in spring and in 
autumn. In spring, when the ground is soft and the leaves fully 
developed, the rate of growth is quicker than in the fall, when the 
conditions are the reverse. As a result the wood grown in the 
earlier season is less dense than that formed under more adverse 
conditions. The annual rings consist therefore of nothing more 
than layers of porous spring wood aHemating with layers of dense 
fall wood. Trees planted in barren soil grow less rapidly than 
those in more fertile soil, and for the reason explained above con- 
tain a greater percentage of dense wood. They are what 'is tech- 
nically known as "slow growth" timber and are the best suited 
for telephone poles. 

Whatever kind of wood is selected, it should have the follow- 
ing qualities: It should be live and green, reasonably straight, 
well proportioned from butt to top, and free from loose knots, and 
should have the hard knots trimmed close. The pole should he 
squared at both ends. The size of pole required will depend on 
the number of wires to be carried and on the height of the ob- 
stacles, if any, to be overcome. The sliortest pole, however, 
should be of sufficient height to have the lowest wire at least 20 
feet above the ground. 

The size of the diameter of the pole will depend upon its 
height, for the higher the pole the greater the load it will have to 
support and therefore the greater will be the strength required. 
Attempts have been made to figure out the required shape and 
size that a pole must have to be of the most economical volume to 
support the required load. Results, however, have shown that if 
a pole lias the ordinary taper, all that is required is to specify that 
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it Bhall have a circumfereDoe of 22 inches at the top, or he about 
7 inches in diameter. The diameter at the butt will then he of 
the proper dimensions no matter what the height of the pole may 
be- The following table gives the requisite dimensions of cedar, 
clieatnut, and juniper poles for pole lengths ranging from 30 to 90 
feet : 

TABLE I. 

Pol* DiBCIUllMI. 

CEDAB POLES. 



Lbhqth. 

30 feet. 
35 " 
40 " 
45 " 

50 " 


ClBCDVFIBBHCB 


CiaCUHFBBBNCB 6 FIBT riOM 


22 iDcheB. 

22 " 

22 " 

23 " 

22 " 


36 luchea. 

88 '• 
43 " 
47 " 
60 " 



CHB8TMUT POLES. 



30 feet. 


22 Inchea. 


36 iDches. 


36 " 






40 " 


22 " 


43 " 


45 '• 


32 » 


47 " 


50 •< 


22 " 




55 » 


22 " 


53 " 


ao " 




6fi " 


06 " 


22 " 




TO " 


22 " 


62 " 


75 " 


22 " 


65 " 


80 " 


22 " 


69 " 


85 " 


22 " 


73 " 


90 " 


22 " 


76 " 



JUNIPER POLES. 



30 feet. 


22 Inches. 




3fi " 


22 " 


40 " 


40 •• 


22 '■ 


44 •' 


45 " 


22 ■' 


48 " 


50 " 


22 '■ 


52 ■" 



The following table gives the weight of cedar and Horwaj 
pine poles for lengths between 25 and 85 feet. The diameter at 
the top for the cedar poles is approximately 7 inches, varying 
between 5 and 7 inches. For the Norway pine poles the diameter 
of the pole at the top is 7 inches in eveiy case. 
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L„.,». 


Tow. 


Wbioht. 


26 feet. 


6 luchea, 


200 pounds. 








30 " 




826 " 


80 " 






35 " 




600 '■ 


36 ■■ 




600 " 


40 " 




700 ■• 


40 " 




800 " 


45 " 




050 " 


46 " 






60 " 




1,260 '* 


60 " 




1,460 " 


66 " 






56 " 




1,800 " 



NORWAY FINE POLES. 



40 feet. 
45 " 
60 " 


T iDCbM. 


1,100 pouDda. 

ilaoo " 

1,350 " 




66 " 




1,600 " 


80 " 




1,700 " 


66 " 




2,000 " 


70 " 




2,400 " 


76 '■ 




a,800 " 


80 " 




3,400 '■ 


86 " 




8,800 " 



In Fig. 69 is shown & standard pole for any required length. 
The top is cut into a wedge shape with an angle of 90° between 
the two aides. This is called " framing," and is done to throw off 
water. At a, a', a", etc., are shown rectangular depressions called 
gains. The center of the first gain is 10 inches below the top of 
ihe pole, and the sncceeding gains are 24 inches apart. These 
gains are cut in a vertical line down one side of the pole, with 
their faces at right angles to the direction of the wires. The 
frame at the top of the pole has its edge pa,i'al1el to the direction 
of the wires. The gains are cut i\ or 4^ inches broad and 1 J inches 
deep. They are for the reception of the cross-arms. 

Many attempts hare been made with more or less success, to 
treat poles artificially so as to protect them against the action of 
the weather. One method is to expel the sap, and fill the pores 
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with creosote, or dead oil of tar. The results have been only 
measurably successful, as the creosote, though adding to the life 
of the pole, reduces its strength. The general practice is to paint 
the pole thoroughly after it has been placed. The frame and the 
gains are treated to three coats of the best white lead. 



Q-' 



The point at which the pole is most liable to 
decay is at the surface of the ground. Tliia is 
because at this point the action of the dampues^s 
in the ground and in the air is greatest. Various 
methods have been devised for protecting i>oles at 
this point, such as coating with tar and the like, 
but the general practice today is to depend 
altogether on paint. Poles should be cut about 
I _^ one year before they are to be used, and should 

"t EJ be peeled of bark an soon as possible after they 

•' are cut. Square and hexagonal poles are some- 

times used, but only in extraordinary cases, such 
i Irri" h ""t" "^ when passing through a town where the inhabit- 
T T ants are particular about appearances. They are 

usually creosoted though sometimes painted. Poles 
occasionally have hollow heails, by which term is 
meant tlie condition where a pole has decayed at 
its axis. This condition is very hard and some- 
times impossible to detect, but on the other hand 
does not materially weaken the pole until it has 
progressed very far. 

The Cross'Arm. The cross-arm is next in 
importance to the pole, and the utmost care should 
be taken in the selection of the material for its construction, and 
in tlie pmper design. Three kinds of wood are used in the con- 
struction of cross-anns; Norway pine, cypress, and yellow pine. 
The same dimensions are nsud witli all three. Cross-ai'uis made 
out of Norway pine and cypress are painted, but when yellow pine 
is used they are usually creosoted. 

The process of creosotiug is as follows: The timber is sub- 
jected to either hve or superheated steam for from 3 to 6 horn's, 
depending on the condition of the timber. The temperature of 
the timber must not exceed 250^ Fahrenheit. The steam is theu 
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withdi-awn, and the timber placed in a vacuum of 26 inches until 
the water and sap have been removed. The chamber containing 
the timber is next filled with the dead oil of tar at a tenipemture 
of not less than 120° F nor more than 250° F, and pressure is 
applied until the requisite amount of oil has been forced into tlie 
timber. 
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Crosa-arms are of two sizes. The Standard cross*arm, for 
general use, is shown in Fig. 70. The Terminal cross-arm, for 
use, as its name indicates, at terminal points, is shown in Fig. 71. 
Whatever the kind of wood used, it should be thoroughly seasoned, 
stmightrgrained, and free from injurious shakes or unsound knots. 
Referring to Fig. 70 the elevation of the cross-arm is shown above, 
while the plan is shown below. The length over all is 10 feet. 
The top is arched, as wCl be seen in the end view at d, to throw off 
h 3-74" -J-g'U. 3^7f «J , 
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Fig. 71. 

water. A space 9 inches long in the center of the arm is flattened 
as shovm at c. This is done to prevent the water running into the 
gain. The pin holes are shown both in plan and in elevation at a, 
a', a", etc. They are X-^^ '"^hes in diameter and are spaced 12 
inches on centers. The center of the end pin ia 4 inches from tlie 
end of the arm. The distance between the two pins nearest the 
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pole is 16 inches. Looking at the elevation it will be aeen that 
theie are three holes bored through the axis of the arm. One, 
shown at 6', is | inch in diameter and is in the center of the arm. 
The other two, shown at b and J", are | inch in diameter and are 
spaced 1 8] inches on each side of the center hole. The center 
hole is for the reception of the cross-arm bolt, while the other two 
are to receive the carriage bolts for fastening the cross-arm braces. 
The cross-sectional dimensions of the arm are 4 inches high by 8J 
inches wide, tlie height to tlio top of the arch being 4J inches. 

The terminal cross-arm is shown in Fig. 71, the npper view 
being the elevation, while the lower one is the plan. It will be 
seen that the length over all is 8 ft., or two feet shorter than in case 
of the standai-d cross-arm. The cross-sectional dimensions are 
larger than those of the standard arm, being 3| inches wide by 4J 
inches high, with a height of 4^ inclies to the top of the arch. 
The spacing of the pin holes is 9 inclies as against 12 inches for 
the standard arm. Three holes, shown at b,h',h'\ are bored through 
the axis, having the same dimensions and the same location as 
those already shown in the standard arm. The terminal cross-arm 
is made heavier than the other, for the reason that it is used on the 
pole where the line terminates, and has therefore to bear a greater 
strain than tlie arms used at other points of the line. In shape 
and method of construction, the terminal cross-arm is the same as 
the standard. The pin holes are IJ^ inches in diameter, for the 
accommodation of a larger-sized pin than those used on the stand- 
ard aim. 

Pins, Pins used in telephone work are made almost exclu- 
sively of locust. Orange wood is used somewhat throughout the 
South and makes a very good pin, but with this exception locust 
is universally u::>ed. Pins are of two classes : Standard pins and 
Transposition pins. Both of these classes of pins are made in 
two sizes, one to lit the holes on a standard cross-arm, and the other 
to fit those on a terminal cross-arm. In Fig. 72 is shown a stand- 
ard pin, that niarki^d A being for a terminal cross-arm, while that 
inaiked B is for a standard cross-arm, the difference between the 
two lying solely in tlie girth dimensions. The upper part of the 
pin, for a distance of 2J inches from the top, is threaded for 
the reccptioQ of the glass insalator. Below the threaded por- 
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tion is a taper-shaped hnod e, which terminates in an overhiing 

shown at e. The part below this h in the form of a conical-el laped 

shank, with its greatest diameter above and its smallest below. 

" The shank a or 6 is introduced 

Jy into the hole on the cross-arm, 

jl and m^kes a binding fit when 

the overhang e touches the top 
of the ann. This overhang is 
designed to throw off water and 
prevent its running down into 
the hole. To hold it securely 
to the arm a tcnpenny nail is 
driven through the side of the 
cross-arm and the pin, 

A transposition pin for a 
standard and a terminal cross- 
arm is shown in Fig. 73. It 
will be observed that the main 
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difference between the transposition pina and the standaid pins lies 
in the fact that the threaded portion is longer in tlie former than 
in the latter. The standard pin 
is threaded to a point 2j inches 
from the top, wliile the tninspo- 
sition pin is threaded to a point 
3J inches from the top. The 
extra amount of threaded sur- 
face on the transposiiion pin is 
for the accommodation of the 
transposition insulator, to be 
shown directly. The diameter 
of the threaded portion of the 
pins, whether transposition or 
standard, and whether used on a 
standard or on a terminal cross- 
arm, is only one inch, the object 
being to obviate the necessity of 
having two sizes of insulators. The strain on a pin comes on the 
section just below the overliang or hood, so tliat there is no necessity 
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of increasing the diameter of the threaded portion on the pins used 
on a terminal cross-arm. 

Insulators. With the exception of that portion of the line 
known as the drop line or bridle wire, the miiterJal used in America 
in making insulators is glass. In Europe, porcelain is used more 
extensively. Porcelain has some advantages over glass as a 
material formakinginsulators, andon tlie other hand, glass [wssesses 
some advantages over porcelain. Porcelain, when new, has an 
insulation resistance about 5 or 6 times 
greater than that of glass. However, in 
cities or near factories or railroads, the 
C insulators soon become coated with a tliin 

film of dust, BO that the insulating powers 
of the two materials soon become equal. 
Porcelain is more expensive than glass, and 
its glazed surface soon becomes cracked 
under the influence of cold, thus allowing 
" rain to soak into the interior portion and 

greatly reduce the insulating power. Porce- 
lain is more durable than glass and less likely to succumb to 
mechanical injuiy. It is also less hydroscopic; that is to say, it 
does not so readily condense the moisture in the air into a thin 
film on its surface. Glass, however, possesses one peculiar advan- 
tage over porcelain, which in America it is not well to overlook. 
Cocoons and spider webs are much less likely to form on glass 
insulators than on porcelain because glass is transparent and does 
not offer the shade that seems to be desired by worms and spidei's 
for this work. Tlie fact that glass is cheaper than porcelain and 
offei's quite as good a resistance nnder every-day working conditions, 
has caused engineers to adopt it generally for open-wire line 
construction. 

Various forms of glass insulators have been put on the market 
from time to time, each possessing advantages; but after much 
experience the form shown in Fig. 74 has been found to be the 
best suited for general use. It is mJtde as light as possible consis- 
tent with strength and dumltility, and is of such a shape as to 
secure the wire properly and, in addition, offer the greatest insula- 
tion 1 esistance. In shape it is like a thick inverted cup, with a 
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hciivj- bottom <i. Tlif bottimi is Iwred out and thieadcd as sliowii 
at b, to receive the tluead^ on the pin. Around the siik'S is a 
seinicirculiii- di'prcsaioii (• i/, which ia designed to receive the wire. 
The side of tlie cup d d\ culled tlie " petticoat," is brought down a 
good distiiiice to offer as long a piilh as possible over the surface 
of the gliiss to the pin. When screwed on the pin, the hoodoccu- 
jjies the greater portion of the space e, so that the current, in 
order to reacli the ground, must p;v8S down the outside of the 

glass, amund the edge, and up on ^t gX ^ 

the inner side to the pin. In- 
sulation resistance like any other 
resistance increases with tlie length 
of the path traversed. Hence the 
necessity of bringing the sides of i 
the insulator as far down as 

possible. The sides of the insula- ^ _ f f 

tor also form a shield for the pin, [ 

and protect it from rain. The ^ 

principal dimensions are given in 
the diagr;im. 

In Fig. 7.5 is shown ttie most 
generally adopted form of trans- 
position insulator. It consists in ^ 3g *' 

substance of two glasses, one above Fig. 75, 

the otljer, each one being of the 

same general design illustrated in Fig. 74. The lower glass h ia 
screwed on the pin first, a hole in its top allowing it to descend 
to the bottom of the threiid. The upper one is tlien screwed into 
place. The upper one should be so designed that wlien screwed 
tight a space of g'^ inch will exist between its lower surface and the 
upper surface of tlie lower glass. By this moans tlie surface path 
to ground is broken and the insulation resiatinco incrcaswl. 
Transposition glasses are sometimes made in one piece, but they 
fail in so far as they do not possess this feature. 

Pole Fittings. — Cross-Arm Bolts. As has already been said, 
the cm8S.arm is fastened to the pole tty means of a cross-arm bolt. 
In Fig. TO is shown a sbiiidard cross-arm bolt. It is an inm bolt 
made of |-inch stock and cut with a standard thread to a point 5 

D.lrecoi»^.OOQle 



J 



gi. 



TELEPHONY 



inches from one end. It is made in five sizes of the following 
leiigtlis: 10-iticii, l^-ii>cli, 14-inuh, 15-incii, and I6-iuch, to be used 
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according to the size of the pole. The head of the bolt is 1 inch 

squai-e and ^ inch thick, and the nut is ^ inuli thick iind 1 inch 

square. It is thoroughly galvanized, including the thread. In 

Fig. 77 13 shown an iron wa-iher 2J inches by 2J inches and of 

^j-inch stock tlioroughly galvanized. Through its center is a hole 

a" of |-inch diameter. Two of these washera 

*" are used with each bolt, one to go under 

the heiid and the other under the nut. 

Cross-Arm Braces. In Fig. 78 is 

shown a cross-arm brace. It is made out 

of iron or low c;ubon steel thoroughly 

galvanized, 28 inches long, ] J inches wide, 

^' and ^ inch thick. One inch from each 

end is a hole, that at one end being ^| inch in diameter for 

the reception of the fetter drive-screw which holds it to the pole, 

and the other J^ inch in diameter for the reception of the carriage 

bolt which secures it to the cross-arm. 

Carriage Bolts. In Fig. 79 is shown a carrii^e bolt. It is 
made in two sizes, one 4 incites long for use on sUindard arms, and 
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the other 4| inches long for use on terminal arms. One end ia 
threaded to a length of 1 J inches for the accommodation of a nut. 
In connection with this bolt are used two inn washers of the type 
shown in Fig. 80: they are IJ inulies in diameter and J inch thick, 
with a half-inch hole in the center. Both carriage bolt and washers 
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are thoroughly galvanized. One washer is pUced under tlie l)oltr 
head, and the other under the nut. 

Fetter Drive-Screws. In Fig. 81 is shuwii a fetter drive- 
Bciew. It is made of low car- 
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bon steel thoi'ouglil}' galvanized, 

[irf~k||| aud threaded to a point about 

\-i 3 iuches from the end. The 

end is pointed so that it may be 

driven into the wood with a hammer. These screws are used to 

fasten the cross-arm braces to the pole. 

Pole Steps. In Fig. 82 is shown a pole step. It is made of 
thoroughly galvanized iron or low carbon steel i. 

10 inches long and of |-inch stock. One end -r^? 

is turned up as shown at a, to prevent the /'"""^ T 
foot from slipping off aa the pole is ascended [ ^ )'-^ 
or descended. The other end is cut with a X^^v' I 
fetter thread for a distance of about 8 iuches, p., gp 

and the end is pointed so that it may be driven 
into the pole. 

Under the head of pole fittings comes a lot of apparatus that 
will be described now, but whose method of use will be touched 
on later. In this lot are the fol- 
lowing articles: guy rods, thimbles^ 
and guy clamps. 
These articles are used in Btrength- 
Fig, gi, ening a pole line (gainst excessive 

strains. 
Ouy Rods. In Fig. 83 will be seen a standi^rd guy rod. It is 
made of |-inch iron thoroughly galvanized, and has one end threaded 
for a distance of 3 inches. The opposite end is bent into tlie form 
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Fig. 82. 



of an " eye " and welded at a. The length over all is 8 feet. In 
practice this rod is used to secure guy wires to tlio giound. 

Thimble*. A standard thimble is of the shape and dimen- 
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Kioiis given in Fig. 84. It is made of malleable iron thoroi^hly gal- 
vanized. Its use will be explained later. 

Rock Eye-Bolts. In Fig. 85 id shown a standard rock eye- 
liolt. It is made of a bar of | inch wrought iron thoroughly gal- 

, 3|" . 




vanized, and bent double so as to form an eye at a. The length 
when formed is 24 inches. Its use will be explained later. 

Ouy Clamps. The standard guy clamp, used in securingguy 
wire, is shown in Fig. 86. It consists of two pieces of malleable 
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iron tlioroughly galvanized, and held together by three bolts. The 
adjacent surfaces of these two pieces are cut, each with two pecu- 
liarly shaped grooves, shown in section at a b, a' h' ,and in plan at d 
and e. Each one of these grooves is tapei-ed. The two grooves on one 
piece taper in opposite directions. When the two pieces are placed 
togetlier, each gi-oove tapers in the opposite direction to that one 
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directly over it. In this way, when the bolts are tightened, a bind- 
ing strain is placed upon tlie guy wire, holding it firmly. The de- 
tail of the bolt and nut is shown in Fig. 86a. The clamp assembled 
is shown in Fig. 86,i. 

Laying out tbe Line. Belore constfucting a pole line the 
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first work is to determine the most feasible route to be followed. 
In doing this a great many factors have to be taken into conijider- 
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ation. In general the shortest route should be selected. In doing 
this, however, the nature of the ground should not be overlooked. 
Very hard, rocky ground is to be avoided owing to the amount of 
blasting and hard work it entails in digging the holes. On the 
other hand very soft earth, such iw marsh or swampy ground. 
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should be avoided on account of the cost and delay in building 
artificial foundationB, and also on account of the liability of the 
poles to settle'and fall in spite of the best of foundatioiiB. The 
best soil for a pole line is either sharp sand, or loamy or clayey soil, 
on account of tlie ease in digging and the firmnesa with which it 
can be packed down when tlie pole is set. 

There is another factor, however, which is far more potent in 
deciding the course of a pole line, and it is one which does not lend 
itself to any mathematical solution. That is the right of way. 
Before a pole line can be built on a road or public thoroughfare, 

_^ ^ ^^ 
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Fig. 866. 



the consent of the property owners along the road must be obtained 
or a franchise from the town or city must be had. In the major- 
ity of cases, particularly in small towns and in the country, both 
must be obtained. The right of way should also include the right 
to trim any and all trees that may protrude their branches through 
the line. Tlie route to be selected is the best one according to the 
above considerations along which a right of way can be obtained. 
The route having been selected, the next work is to lay off 
distances of 130 feet and drive a stake in the ground at the end of 
each distance. Suppose that the problem is to lay out a pole line 
along the road shown in Fig. 87, in which the road, more or less 
crooked, is represented aa crossing a river a. Suppose that the 
x-marks with their accompanying numbers indicate the position of 
the stakes. First of all, the curb line must be well defined, or else 
a series of offsets must be taken from the building line to have 
the poles properly located, just iuside of the curb line. Except in 
a few isolated cases the curb line is well enough defined for all 
practical purposes. Supposing tliis to be the case, the start is 
made atpole No. 1. presumalJy just outside of the office. A dis- 
tance of 130 feet is measured o£f and at its extremity a second 
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stake is driven for pole No. 2. This process is continued until the 
river is reached. 

In approaching the stream great care should be taken to note 
the condition of the bank. 
If the bank be low and 
marshy the last pole should 
not be placed very near 
the water. If, however, 
tlie bank is high and firm, 
the last pole may be placed 
as near the edge as possible. 
In approaching the river 
bank, pole 6 happens to be 
so located that the apace 
between it and pole 8 is 
greater than 130 feet. 
Rather than have an extra 
long span at this point, an 
additional pole is placed at 
X 7, midway between x 6 
and X 8. This arrange- 
ment helps to support pole 
6, whichsupportis probably 
needed in view of an extra 
long span across the river. 
When the river is very 
wide, say from 250 to 400 
feet, and is shallow in addi- 
tion, a pole is sometimes 
placed in the center if there is no navigation to be interfered with. 
Single spans of more than 250 feet acioss a stream are not per- 
missible, except with special construction to be described lat«r. 
Where the river is deep enough for navigation, it is best to use a 
cable of special construction laid on or under the bottom. Tliis 
point will be dwelt on below. 

In the straight reach between poles 8 and 16 care should be 
taken to locate the intermediate poles in line. , Tliis can be done 
by having a third man stationed at x llj to sight back (owariis 
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X 10 and keep in line the tntermediute stakes. Wlierever a sharp 
turn occurs, as at pole 2'J, llie pule aliould be placed at the point 
of turning; where tin; turn is less abrupt, as between x 16 and 
X 22, this practice is not necessary. Between x 33 and x 34 it 
will be Keen tliat the line crosses from one side of tbe road to the 
titber. TbiH is often nece;>siiiy, where it is im^Kissible to secure a 
continuous right of way on one side of the road. This crossing 
over is soinetim&s done, also, to avoid trees or other obstructions. 
A crossing should always be made at an angle of 45° with the 
line of the road. 

When the line is built beside a railroad track, the poles 
should be set at a distance of at least 12 feet from tbe rail. If 
there should be a cleiir space between the top of the rail and the 
lowest cross-arm of 22 feet or more, the poles may be set at a dis- 
tance of not less than 7 feet from tbe rail. 

In cities, poles should be set at tlie comers of intersecting 
streets so as to admit of guying. At road crossings tbe lowest 
cross-arm should be at least 18 feet above the crown of tlip road. 
No electric light or power wires should ever be placed above a 
telephone line, as in case of breakage they would fall across the 
latter and do serious diimage. By placing them beneath tlie tele- 
phone lines this danger is avoided, and the only way in which the 
teleplione lines can become entangled with the high-tension cir- 
cuit is by themselves breaking. No power or trolley wire should 
ever be nearer than 6 feet to the nearest telephone wire. 

Before going into the method of setting poles, a word should 
be said upon the subject of placing Cross-arms iind guying. On 
stiaight runs, cross-aims are placed on alternate sides of tbe pole 
as shown in Fig. 8S. Starting with pole No. 1, the cross-arm is 
placed on tlie side of the pole opposite to the direction of tbe line. 
At pole 2, the cross-arm is placed on the opposite side. At pole 
3 the position is again revei-sed, so that the cross-arm on this pole 
and on pole 2 are placed on adjacent sides. This process is con- 
tinued for straight runs. On long curves tbe cross-arms are 
placed on the side of tbe pole facing the middle point of the 
curve as shown at 6, 7, 8, 9 and 10, the middle point lying 
Iwtween poles 7 and 8, At ]iole 10 a straight run begins again, 
and the cro.ss-ai'in is placi'd on the side opposite the direction of 
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the run. At crossings, as between poles 11 ami 12, the cross-arms 
are placed on the sides facing the cro:?sing. The point to be 
aimed at in placing a cross-arm is to have the pole interposed 
between the cross-arm and the point from which the stmin conies. 
On a straight run the pull comes from botli ends, 
so that the cross-arms must be placed on alternate < 
sides. As soon as the line begins to curve, however, 
tlie curved portion, from the fact lli.it it changes its 
direction at every point, ceases to he effective in pull- JX. 
irig against the straight section, so that the slraiu at 
tlie curve is toward the sti'aight section. As a re- 
sult tlie cross-arm must be phiced on tlie side of the 
pole facing the middle point of the curve. ' 

In addition to supporting the weight of the wires, 
the pole must also withstand the horizonUl strains, 
and wlien these become excessive it must be iciii- -Q, 
foiced or strengthened. This reinforcing is called 
guying- The principle of guying will be touched 
on here. If a curve is situated at tlio end of a straight _> 
run, as between poles 5 and 10, the tendency of the T ~-Oa 
strain on the wires is to pull the pales on t!ie curve 
towards the center of tlie curve. A very simple °* 
experiment will prove this fact. Set up three or four ''9^^——-....^-. 
pins on the arc of a circle. Rigidly fasten one 
end of a string and draw it around the pins, 
bringing the end out straight. Grasp the end 



Fig. 88. 

and pull. The string tends to assume a straight path between 
the point where it is rigidly held and the hand, and in so doing it 
will drag the pins over towards the center of the arc. To over- 
come this effect the poles on a curve, as 6, 7, 8, 9 and 10 in Fig. 
88, are fastened by means of stout wire rope to aiiclior logs 
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shown at a', a", a'", a"" and 6. These anchor logs are short 
poIe6 planted firmly in the ground. Pole 5 at the end of the 
straight run ia guyed to the anchor log A to prevent its being 
pulled in the direction of the line. Pole 10 being at the begin- 
ning of a straight run is guyed to the anchor log B, and, being 
the last pole on the curve, is also guyed to the anchor log 
6. At the crossing pule 12 ia guyed to c, and pole 11 to d. A 
head jfuy is one placed ho as to resist the pull towards pole 1. 
A back guy is one so placed as to resist a pull in the opposite 




direction, as at the beginning of long spans. Tlius in Fig. 87 
pole 7 and possibly pole 8 would be back-guyed to resist the 
pull of the span across tlie river. A side guy ia one so placed as 
to resist a pull in a direction at right angles to the direction of 
the line. Thus in Fig. 88 the guys on poles 6, 7, 8 and 9 are 
side guj^. 

In passing througii hilly country care should be taken to 
keep the tops of the poles as nearly level as piwsible, which is 
accomplished by placing the longest poles in the lowest places, 
and tlie shorhist ones in the highest places. An exaggerated 
example of this condition is sliown in Fig. 89, where the fiyiires 
1, 2, 3, 4, etc., indicate poles placed in hiily ground. The tenniion 
on the wires at the lowest pole a tends to lift them up in the air 
and might under severe conditions pull the wires loose from their 
fastenings. This effect is overcome by the an-angement shown in 
Fig. 90, in which the poles increase in length as the hill is de- 
scended, the wiies tliemselves being run in a very nearly horizon- 
tal direction. Under these conditions the poles should be so 
spaced that the lowest point of the hollow comes in the middle of 
a span. 

In building a pole line through a very hilly country a profile 
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map of the country sliouM be made or should be obtained from the 
township authorities. A map tlmt will suit the purpose can be 
iiiiide by the use of a little superficial knowledge of land aurvey- 
iiig. All that is necessary in the way of apparatus ia a surveyor's 
theodolite and a leveling pole. They are iwed in the following 
wiiy: The theodolite ia set up midway between stake No. 1 and 
stake No. 2, and an assistant stations himself at the former with 
the leveling pole. The leveling pole is sighted and the point of 
intersection marked. The pole ia then set up at stake 2 and 




agiiin sighted through the theodolite, the point of intersection 
being again marked. The distance on the pole between these two 
points gives the difference in level between stake 1 and stake 2. 
This process should be repeated for all stakes lying within this 
territory. The pules to be set are then graded in length to meet 
the requirements. It is not necessary, and it -would he impossible 
in some localities, to maintain the tofo of the poles at n constant 
level ; but sudden and very marked changes in level should be 
avoided. 

5ettins and Equipping Poles. The line having been laid 
out and the stakes driven, the next piece of work is to dig tin: 
holes. The metliod of so doing dcjiends upon the nature of tin; 
ground. Where the ground is rocky, blasting must be resorted 
to. If the line has been properly laid out, however, this 
shonld very seldom be tlie Ciise. Blasting is usually done 
with a hand drill and a small charge of dynamite. The tools used 
in digging are shown in Figs. 91, 92, and 93. In Fig. 93 is sliown 
a combined crow and digging bir, one end of which, fi, is sharpened 
for digging up the earth, and the other end, a, is broadened out for 
tamping down the earth as it is being filled in around the pole. In 
digging, the earth is first loospned up with the sharp end of the 
bar, and when this lias been done sufficiently it is excavated by 
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means of the Bharp-i>oint«d ahovel shown in Fig. 92. As the 
hole becomes deeper the spoon-shaped shovel shown in Fig. 91 ia 
brought into play, as this ia speciall; deaigaed for lifting the eiiith 




o 



Fig- 91. Fig. 92. Pig. 93. 

out of the hole. In diameter the hole should exceed that of the pole 
by about 4 or 5 inches, and the depth should vary with the height 
of the pole to be placed. The following table ia a safe one to follow : 



LIHOIH or POLB. 


narTH tn Gbdcmd. 


25 feet. 


6 feet. 


30 " 


61 ** 


36 " 


6 •• 


40 ■' 


< " 


45 " 


81 " 


60 " 


7 " 


56 " 


^i " 


flO " 


8 " 


«6 ■' 


8* •' 


70 " 


9 » 


75 " 


fti " 


80 " 


10 " 


86 " 


10* " 


90 " 


11 " 
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The hole shoulrl be of the same diameter at the bottom as it 
is at the top. Where the ground ia very soft it in necessary to 
construct an artificial foundation for ^ n 

the pole to rest in. This is done in one 1 1 

of three ways which are equally good, ~~~ p 
and which are illustrated in Figs, 94, 
95, and 96. In the method shown in 
Fig. 04 the hole is dug with a diameter 
of 3 feet. The butt of the pole is 
equip|)ed with a platform made of two 
piect-s of planlcing 33 inches long, 18 
iiiulies bro:ul, and 2 inches thick, pliued 
at right angles, and nailed lo tlie bottom 
of the pole. The arrangement is shown 
lit a in the figure. The bottom of the 
hole is covered to a depth of 12 inches 
with a mixtui-e consisting of 1 part . 
cement, 2 parts sand, and 5 parts stone. 
When the pole is set, the plat form rests 
on this foundation, and rubble consist- 
ing of the aljove mixture is filled in 
around it to within 6 inches of the top 
of the hole. Earth is then shoveled in 
and packed down hard. 

The second method, shown in Fig. 
95, consists in fastening to the pole at a 
point 2 inches above the surfiice of the 
ground, two yellow piue planks 10 feet 
long, 8 inches wide, and 2 inches thick. 
They are placed parallel, and fastened < 
to the imle by means of a cross-arm Ixilt. 
From the eud-s of these two planks four*; 
others are brouglit up to the jiole in'^ 
the manner shown. They are fastenci 
above and below by cross-arm bolts. To y q^_ 

the bottom of the horizontal jdanks are 

nailed 8 others, 4 on each side of the pole. 3 feet long, 10 iiic 
broad, and 2 inches thick, making a plalfurni for t!ie pole to i 
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upon. By this arrangement the pole is kIbo braced against lateral 
strains. The foundation shown in Fig. 94 is best adapted to 
sandy soil, while that shown in Fig. 95 is more suited to muddy 
or marshy ground. 

A move elaborate devL'l('i)nient of the framework scheme is shown 
in Fig. 96, in which two chestnut 
poles 10 inches in diameter at 
the top are sunk into the earth, 
oue on each side of the main 
pole, with their centers about 5 
feet 2 indies from its center. 
Two 8-inch by 2-inch planks, 
shown at a, are fastened to the 
tops of the two auxiliary poles, 
being also fastened to the main 
pole. Tlie upright biaces also 
are fastened to the auxiliary 
poles. As in the previous figure. 
planks 3 feet long, 8 inches wide, 
and 2 inches thick are nailed to 
the bottom to make a platform. 
Tlie braces are fastened to the 
main and auxiliary poles by 
meuns of cross-aim bolts. At b 
is shown the method of cutting 
out tlie tops of the auxiliary 
poles to receive the braces. 

The holes having been dug, 
the next st*^p is to erect the 
poles. These should be dis- 
tributed along tlie right of way, 
the butU being placed at the 
holes. Where possible, the poles 
should lie with the top at a 
greater elevation than tlie butt, for assistance in raising. When 
poles of different lengths are used, they should be properly dis- 
tributed along the right of way. Before tlie pole is raised it 
should be moved so as to have the butt resting ou the edge of 
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the hole. For han<lliiig the poles properly a cant hook, shown 
in Fig. 97, is used. It coiislstH of a heavy ash handle a, to which 
is fastened a wrought-iroii spur 6, pivoted at c. In using thia 
tool the pole is caught between the aide of the handle, e, and 
the spur, after whicli, hy moving the handle upward, the pole is 




Fig. ffj. 

rolled over. The tongs shown in P'ig. 98 are of wrought iron 
fastened to a heavy ash handle. 

When the pole has been properly placed, it is seized at the 
top by the gang of linemen, usually from 5 to 8 men, and raised. 
One man shown at a, Fig. 99, stands at the hole, and seizing the 
pole in his arms directs the motion of the butt into the hole. The 




FiK. 98. 



tools used in pole raising are; a pike, shown in Fig. 100, and a 
dead man, shown in Fig. 101. Pike.s are made in lengths of fmni 
8 to 14 feet, and consist of an ash pole a. Fig. 100, about 2 inches 
in diameter, surmunded at one end liy a wrought-iron ring b. Into 
one end is driven a steel spike c. The dead man is made of a 
heavy ash pole a. Fig. 101,- with a U-shaped wrought-iron prong 6 
at one end, equipped with a spur in the center, shown at c. Thia 
implement is used to hold the pole in jiosition from time to time as 
it is being raised. This is beiug held by the man at b in Fig. 99, 
As soon as the top of the pole is raised high enougii to permit of it, 
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four linemen thrust into it the atvel spura of their pikes and are 
thus enabled to raise it higher atill. As the pole is niised nearer 
and nearer to the perpendicular, the longer pikes come into play, 
until, when the pole has been elevated to an an<^le of about 50°, 
the butt slides into the hole. The pikes are then used to adjust it 



Pig. 99. 

to a perfectly vertical position. This having been done, the earth 
is gradually filled in around the pole, being tumped down in the 
meanwhile by two men using the end a (Fig. 93) of their tamping 
bars. Great care should be taken to pack the earth firmly as it is 
Iffiing put in, and to this end only one shovel is allowed to be used 
(luring the process. When the bole has been filled, the surplus 
eaith is piled up around the pole in the form of a mound. 

In i-egard to the rate at which poles can be set by the average 
gang of linemen, it may be said that this is governed by the num- 
ber of holes that can be dug. Under ordinary conditions about 8 
or 10 holes are all that one man can dig in one day. Where blast- 
ing has to be resorted to, the rate is much lower. It rarely goes 
above this. Eight or ten poles set is a good day's work for the 
average gang. 

The poles having been set, the next step is to set the cross- 
arms. For this purpose a lineman is sent up the pole, with a block 
which he fiisteiis at the top. A stout Alanila lope is tlicii rove 
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through the block, and the cross-arm, )>eing fastened to one end of 
it, is hoisted to the top of the pole by tlie men on the ground. 
The top cFoss-arm is always set first, the oue just beneath it next, 
/C and so on. The reason for this arrangement is that poles 
A__. are not always equipped at once with their full capacity of 
'~^ cross-arms, and frequently, after a line has been put into 
working order, additional cross-arms have to be placed. 
If tlie first cross-arms were placed in the bottom gains, not 
only would the additional ones have to be carried over tlie 
working wires, but the new wires, while being strung, 
would be sure to hang down and to cause trouble on those 
already in place. All this is avoided by beginning at the 
top. 

The cross-arm having been hauled up within reach 
of the lineman, it is then seized, the rope is removed, and 
the arm is placed in {position in the top gain, being secured 
by a cross-arm bolt driven first through the pole and then 
through the cross-arm. The two croas-arm < 
braces are then fastened to the cross-arm by 
means of two canit^e bolts, which pass first 
through the cross-arm and then through the 
brace. The opposite ends of tlie braces are 
then brought togetlier and fastened to the 
"pole by means of a fetter drive-screw. If 
more than one arm is to be placed, the sue- 
Fig. ceeding ones are hoisted into position and 
secured in the manner already described. On 
terminal poles, on corner poles, and at the beginning 
and end of long spans, back braces are used on the 
cross-arms. Tlie method of their attachment is 
shown in Fig. 102, where the back braces are shown 
at a and a'. They are fastened to the side of both 
cross-aim and pole opposite that to wliich the regular 
brace is fastened. When tliis work is finished, the 
poles are ready for tlie reception of tlie wire. But 
before a description of the method of stringing wires is given, it 
will be necessary to say something about the nature of the ' 
material used for wire. 
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TELBPHONB WIRB5. 

Three kinds of niateiial liave been used in the manufacture 
of wire for telephone use — namely, iron, steel, and copper. In 
the early daya, learning their lesson from tlie telegraph men, tele- 
phone engineers built their lines of iron wire, and it proved prac- 
ticable for the short distances then in vogue. Steel wire was 
next selected on account of its greater tensile strength. With 
the advent of metallic circuits, 
however, it was found that U 
the telephone was to be suc- 
cessful for transmission over 
long distances, some better 
conductor than iron must he 
selected. Before discussing 
at any gieat length the moat 
auitable metal to use in 
line construction, it will be 
necessary for us to uiideiiitand 
thoroughly the conducting 
properties of the various 
metals used in the mechanic 
arts. 

The measure adopted 
for determining the relative 
merits of different substances 
as conductors of electricity, 
is called Specific Resistance, which is the resistance between the 
two opposite faces of a centimeter cube of the substance at a tem- 
pei-ature of 0° Centigrade. Table IV gives the resistances of 
various metallic substances in microhms, or milliontlis of an ohm. 

The Specific Conductivity of a substance is the reciprocal of 
its specific resistance. Substances are compared as to their con- 
ducting quahties by what is called percentage of conductivity. 
This is the ratio of the specific conductivity of the substance to 
that of some standard substance. As a usual thing pure copper 
is chosen as the standard substance, and the percentage of its con- 
ductivity is taken to be 100. The percentage of conductivity of 
a wire is the ratio that ita conductivity bears to that of a pure 
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TABLE IV. 

Relative Specific Rralstaocei ol Detal*. 



„„... 


..vc«. 


Mn-AL. 


■s;:;- 


Silver, aanealed 


1.504 


Iron, annealed 


9.718 


Copper, 


1.5118 


Nickel, " 


12.470 


Silver, hard-drawn 


1.6:!4 




13.210 


Copper. " 


1.034 


I^ad, " 


10.830 


Gold, annealed 


2.058 


German silver 


20.030 


Gold, hard-drawn 


a.094 


Antimony, presMd 


36.000 


Aluminum, aunealed 


2.0I2 


Mercury 
Bibinutb, pressed 


91.320 


Zinc, pressed 


e,U2n 


131.200 


PlatiDum, annealed 









copper wire at the Bame temperature having the same area of 
cross-section ami the same length. In telephone practice it is 
usually si>eeified that a conductor shall have a conductivity equal 
to 98 per cent of that of pure copper. The measure used for 
determining the diameter of a wire is called the mil, and its mag- 
nitude is i-jgu inch. The unit of cross-sectional area of a con- 
ductor is tlie circular mil, which means the area of cross-section 
of a wire whose diameter U one mil. This forms a more conven- 
ient measure tlian the sc]nare inch, since the area bears a very 
simple relation to the diameter. The area of a circle in square 
meiisure is equal to 



1 which r is the radius of the circle, and li its diameter. If ti be 



1 inclies, the area - 



will be in square inches. If d 



is equal to 1, then I circular mil is equal to — — mil, and 1 squiire 

rail is equal to _ circular mils. Therefore the area of a 

circle in circular mils will l« equal to the area of that circle in 
square mils miiltiplii-d liy tim niimlier of circular mils in one 
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miimrc mil. Tlius, if a circle Iiavf: n (liauiettr •/ mils, itn uriM in 
circular mils will be 

A = 'f X :* = ./., 

4 IT 

which means that the area of a circle exprejwed in circular mils 
equals the squnre of the diiimeter in mila. While the circular mil 
is the measure of the cros:i-sectional area of a wire, and forms the 
basis for figuring out the safe current-carrying capacity, wire is in 
practice boujjht and sold according to arbitrary gauges adopted by 
various manufacturers. 

In America the Brown & Sharpe gauge is used almost uni- 
versally, and was originated by the manufacturers of that name in 
Providence, R. I. In this system the giiuge niimltcr diininiHlics 
as the diameter of the wire incre:ise8. The rule according to 
which the cliange is made is a very simple one. If any gauge 
number be taken as a basis of comparison, then by at^lding 3 to 
the gauge number there is obtained the number of a wire who^e 
area is about one-half tliat of the original. For exainple, one 
No. 3 wire will have the same cross-sectional area as two No. 6 
wires; and one No. 5 wire will have the same area as two No. 8 
or four No, 11 wires. Again, by subtracting 3 from any gauge 
number, a wire is obtained whose area is about twice that of the 
original ; thus a No, 1 wire kas about twice the area of a No. 4. 

The following course of reasoning deduced from the above- 
mentioned facts, will enable the student to determine the factor 
by wliich the area of a wire of any gauge number niu.st be multi- 
plied or divided in order to obtain the area of the next larger or 
smaller wire. If the areas of any t\vo consecutive sizes of wire 
were in the ratio of 2 or 2i, tlii' factors which would be iisf*d to 
(letermiiiu the area of a wiro threo sizes larger or smaller would bo 
2 or ^ because the given area would have to be multiplied either 
by 2 three times or by J three times. In other words, the factor 
to be used in determining the area of the next consecutive size to 
the given one, would be the cube root of tliat used to determine 
the area of a wire three sizes removed. Now, since this Litter 
factor has been shown to be 2, it follows that the factor necessary 
to determine the area of the next consecutive size is 



V 2 or a / which equals 1,26 or - 

V ^2, 1 



1.26 
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For example, if the area of a No. 6 Brown & Sharpe gauge wire 
wi.Te 26,250 circulur mils, the area of a No, 5 wire would be 
26,250 X 1.26 — 33,075 circular mils; and in like manner the 

area of a No. 7 wire would be 26,250 X q-ofi ~ 20,834 circular 

mils. 

Again, since the ratio of the resistances of two wires varies 
inversely aa the ratio of their areas, it follows that the same two 
factors can be used to determine tlie ratio of the resifltancea of any 
two wirea whose gauge number is known, if the resistance of one 
of them is given. Thus, if the resistance of a foot length of No. 
10 B. & S. gauge copper wire be .001 ohm, the resistance of a 
No. 11 B. & S. gauge copper wire will be .001 X 1-26 = .00126 
ohm. Tiie other wire gauges are the Washburn & Moen Manu- 
facturing Co.'s gauge, the G. W. Prentiss gauge, the British 
Standard gauge (abbreviated, S. W. G.), the Birmingham or 
Stubs wire gauge (abbreviated B. W. G.), the Trenton Iron 
Company's gauge, and the Old English gauge. A table of these 
gauges will be given directly. 

Copper as a Conductor. Reference to the table of relative 
specific resistances given above will show that silver is the only 
metal whnse specific resistance ia less than that of copper. Silver, 
however, on account of its cost, is excluded from the metals 
suited for telephone purposes. In looking farther down the list 
it will be seen that iron is the only other metal that from a com- 
mercial standpoint is suited for the manufacture. But the spe- 
cific resistance of iron ae compared with copper is as 6 to 1, which 
means that of two wires of the same length, one iron and the 
other copper,, the former would tiave to possess 6 times the area 
of the latter to have the same conductivity. As a result, if iron 
wire were used in telephone line construction, it would have 
to be of euch large diameter to compete successfully with copper 
in point of tmusmission, as to render the problems of line construc- 
tion very much more difficult than they now are, and to add very 
materially to the coat of building. 

Copper, when exposed to the air, forms on its surface an 
oxide which is not soluble in water and which therefore presents a 
protecting shield against further corrosion of the metal. The oxide 
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of iron, on the other hand, is readily soluble in \'rater, iuid therefoie 
freahsurfiicodof the iron iirealwitys presented to the atmosphere. For 
this i-eason iron exposed to the weather.is booh rustedaway. The 
requisite size of an iron wire, moreover, would preclude ila use in 
enbles. Copper him therefore come to supplant iron iu line con- 
struction, and is now univei-sally used by the leading companies. 
Pure annealed copper huts a specific gravity of 8.89 at60°F. One 
cubic inch weighs 0.-32 lb. and tlie melting point of the metal is 
alMDut 2,100''F. Annealed copper does not possess sufBcient ten- 
sile strength to make it practicable for wire. Tlie process of hard- 
drawing it, however, has overcome this difficulty, and copper wire 
used in line construction la manufactured in this way. Dr. Mat- 
thiessen made a determination showing that a piece of Boft copper 
wire, one foot long and having a diameter of I mil, has a resistiince 
of 9.012 legal ohms at a temperature of 0° Centigrade. Tables 
V and VI, which are based on Matthiessen's standard, give the 
resistances and weights of all sizes of wire accoiding to the B. & 
S. and the B. W. (J. gauges respectively. 

In line construction tlie following sizes of wire are used : 

For trunk and BubscTlber lines aot over 50 miles In length — No. 12 
N. B. S. G. hard-drawn copper. 

For long-distance lines, 600 to 1,000 miles or over — No. 8 B. W. G. 
hard-drawn copper. 

For Bubecriber lines not over 3 or 4 miles In length — No. 14 B. & S. 
hard-diawn copper. 

Note. Tbeabots wlrei are all bare ot laaalatlon. 

For bridle or drop wires ~Nu. 12 B. •& S. hard-drawn copper, insulated. 

Other sizes are sometimes used for special ci^ses. This point, 
however, will be taken up later. 

Iron wire, although largely super3e<led by copper, is still used 
in country districts, where little long-distance business is done, and 
where the subscribers have not yet been educated up to the point 
where they are familiar with and demand the best transmission. 

As iron rapidly corrodes, or "rusts," when exi>osed to tlie air, 
the iron wire nsed in line construction is galvanized, which means, 
covered with a film of zinc. This is accomplished in the 'following 
manner: The iron wire, while hot, is drawn tlirough a vat of 
hydrochloric acid to render the surface pcrfccUy c!«an. It is 
immediately afterwards drawn flirough a vat of molten zinc, which 
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is kept at a uniform temperature of 740° F. When the wire thus 
coated is exposed to tlie atmosphere, an oxide of zitic is formed on 
the surface. Tliis oxide, however, not being soluble in water, 
remains on the wire and protects it from further coiTOsion. 

When galvanized iron is exposed to the action of sulphur or 

chlorine, which occur in the exhausts of locomotives, in factory 

chimneys, etc., zinc sulphate or zinc chloride is formed. Both of 

TABLE VII. 

Prapcrtlu of OBlvanlied Iran ■nd SMal Win*. B. W. O. 
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these salts are soluble in water, so that the zinc coating is soon 
eaten away, leaving the surface of the iron exposed. For thif* 
reason iron wires tliat cross railroad tracks are soon eaten away, 
and usually do not last more than six months or a year. 

The three grades of iron wire used are designated by the terms 
Extra Best IJest, Best Best, and Best. These grades differ in 
point of inteinal structure, and also in conductivity. Table VII 
gives the properties of Extra Best Best. Best Best, and Steel wire 
accoi-ding to the Birmingham Wire Gauge. 

Table VIII shows the tensile strength of various sizes of 
copper wire. 
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Table IX gives tl)B factoi-a by wiiicli tiie leaistance of a copper 
conductor at an observed temperature must be multiplied to 
determine its resistance at Tf*" F. Thus, if tlie resistance i» 1 2.746 
olima at 88" F, the resistance at 75° F will be 12.746 X .9728, or 
12.399 ohms. 

TABLE IX. 
Pacton lor Catculatlns ReslaUnce ol Capper Wire at TS° F. 
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In recent years, with the great lowering in the coat of production, 
of aluminum, attempts liave been made to use tins metal in many 
of the mechanic arts. Among the suggestions made is one for its 
use in the manufacture of telephone wire. The great advantage 
of this metitl lies in its comparative lightness. 

Table X gives the relative qualities of aluminum and copj>er. 







AL.»,»„„, 


Cop p BR. 


CuDductlvJt; (for ei|ua1 sizes) 




.54 to .63 




Weight (for equaUizeh) 




.33 




Weight (fur equal leugtli and roBlrtance) 


.48 




Price— Al. 20c., Co|.. Ittc. (bare liue.wire) 




1.81 




Price— (Equal rcsiBtance aud leiiKtli bare lit 


i-wiro) 


.883 




Temperature coefficient per degree F. 




.002138 


.002156 


ResiBtance of mil-foot (20°(:) 




18.73 


10..i 


Specific gravily 




2.5 to 2.63 




Breaking Etreagtli (e<|ua1 ti7.es) 




1 


I 



Table XI gives the properties of the different grades of 
aluminum wire manufactured by the Pittsburg Reduction Com- 
pany. 

To sum up, the only advantage to be gained by the use of 
aluminum would lie in the fact that it is lighter than copper. To 
offset this, however, the diameter of the wire would have to be 
larger than that of a copper wire for the same conductivity, thus 
offering a greater resisbince to the wind. The greater surface of 
tlie aluminum wire would cause a greater electrostatic capacity to 
exist between it and the ground than would be the ca-se with coi>- 
per wire. There would, moreover, be a greater difficulty in solder- 
ing aluminum joints than copper joints. In view of these facts, it 
does not seem po.ssible that aluminum will ever supplant copper 
in line construction. 

Tie Wires. Tlie line wires are. tied to the insulators b}' 
means of short pieces of wire called tie wires. The wire used 
for this pur^Hwe should alwnys be of annealed copper of the same 
gauge as the wire to be tied. It should be cut into lengths of 
aljnut 18 inches. 

Stringing Wires. The poles having l)ecn erected and the 
cross-arms fitted, the next piece of work to lie done is to string the 
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wires. When only one or two wires are to be strung at a time, 
the best method to pursue is to start from the first pole and unwind 
the wire along the ground at the feet of the poles until the last 
one has been reached. The wire is then made fast to the proper 
pins at tlie first pole, and is carried up over the cross-arm at each 
succeeding pole. It is then tied to the proper pins. 

When several wires are strung at once, as is usually the case, 
a different method is pursued. As many coils of wire are provided 
as there are lines to be run, and each coil is placed on what is 
called a paying^ut reel. Fig. 103. This consists of a horizontal 
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wheel a on the spokes of which are placed four upright arms h, c, 
d and e, which are bent over at the top to prevent the coil of wire 
being pulled over their ends. The wheel is mounted on a pivot/ 
the bearing of which g rests upon a four-legged truck h. The coil 
of wire to be p;iyed ont is placed on the wheel, with the four 
uprigiits projecting through tJie center of the coil. The end of the 
wire is then seized, and, the wheel a revolving freely, the coil is 
easily unwound. 

The reel, or reels are placed in a convenient location near the 
foot of the first pole. A piece of apparatus called a running board 
is then provided. This consists of a heavy board, usually of oak, 
of about the same length as tJie cross-arm, and having holes bored 
through it, with the same spacing as that of the pins npon the 
cross-arm. The ends of the wires are attached at these holes. A 
stout rope, to be pulled by a horse, 13 run over the cross-arm, one 
end of the rope being fastened to tlie center of the running board. 
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The horse is then started, and the ruanlng board is dragged up 
so the cross-arm on the first pole, over which it is lifted by a mau 
stationed there. It then passes on to the next pole, carrying the 
wires after it, and is lifted over the croa»-arm as before. As the 
work progresses the rope is lifted over succeeding croaa-arnis so as 
to keep the running board and the wires above tliem. 

When all the wires on the reel liave been played out, the ends 
are fastened to tlieir respective pins at tlie first pole, and the distant 
ends of the wire are then grasped and pulled tight. Care must be 
taken not to pull the wires too tight, as this would result in stretch- 
ing and thereby materially weakening them. The best way to 
measure the right amount of tension to exert on the wires is to 
note tiie amount of sag in the spans between the poles. The 
amount of allowable sag depends upon the length of the span, and 
the temperature of the air. It iiicre^^es with the length of the 
span, and decreases with the temperature. 

Table XII is one largely used by telephone men in line 
construction work. 

TABLE XII. 

AUowBble Sbi In WIm. 
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To illustrate the use of Table XII, take the case of tlie 75- 
ft. span. If the wire be strung when the temperature is— 30° F, 
it may be pulled up until the sag is 1 inch, whereas, if tlie same 
wire be strung when the temperature is 100°, a sag of 4.] inches 
will have to be allowed. 

The next piece of work is to tie the wire to the insulators. 
This is done in two ways, the first of which has passed out of uso 
with the most up-to-date companies. It is illustrated in F'ig. 104, 
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where a represents the top of the insulator, d d the line wire, and 
6 the tie wire as it lies in the groove in the insulator. The ends 
of the tie wive are wound around the line wire as shown at c c, 
four and arhalf turns being taken. This method of tying was the 



Fig. 104. Pig. 106. 

one used altogether in connection with iron wire. 

With the advent of copper wire, however, a diiferent method 
of tying was found necessary ; and the one illustrated in Figs. 105, 
105 A and 105 B, has come to be adbpted. Looking at the last 
figure, 1 05 B, it will be seen that the tie wire is passed around 
the glass in one complete turn, one end being passed under, and 
the other over the line wire. The ends are then wi-apped around 
the line wire in 5 complete turns, which are not laid as close 
together as those of the old tie but are more spread out. The 
completed tie is shown in Fig. 1U5 A, and the plan of it is seen in 
Fig. 105. 

There are two methods of making joints in the wires. One 
of these, now passing out of use, is shown in Fig, 106, and is 
called the Western Union splice. It is made by wrapping the 
ends of the two wires about each other in the same manner as in 



ig. 106A. Fig. 10>B. 

the old form of tying. This joint should always be soldered, and 
in so doing the heat should be applied at the center point, as the 
solder tjikes hold Ik'st uiiilcr these conditions. This form of joiiit 
is being supersudcd by that made by the Mclntire «leeve, which 
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is shown in Fig. 107, and wliich consists of two copper tubes a imd 
b sweated tt^ether. Tliese sleeves aie inude in viirioiis alzts to 
acconiinodiite the difFeieiit sixes of wire used. Tlie two wires to 
be joined are introduced into the holi-s r and d respectively. The 
sleeve is then twisted tlirough three turns as sbown in Fig. 108, io 
which a represents one of the wires entering one side of the sleeve, 
and b the end of the same wire emerging from the sleeve. The 
other wire e is brought in from tlie opposite direction, and its end 
is shown emerging at d. The sleeve is given three turns, as already 
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fig. 106. 
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Fig. 107. 



said, and the short ends b and d are slightly bent over as a further 

precaution against their pulling out. This class of joint need not 

be soldered. 

The line wires should always pass through the groove in the 

insulator on the side facing the pole, except in the case of the 
two insulators nearest 
tlie pole, which should 
have the line wires tied 
^' on the side away from 

the pole. In turning a 

comer the wires should be tied on the outside of the insulators so 

that the tension will cause them to press against the glass. 

In stringing wiies the start is made from the central office, 

and the work is carried on in the direction in which the line is to 

run. Where the line wire is terminated on a cross-arm, it is 

said to bedead-«nded, which is 

done in tl)e manner shown in 

Fig. 109. The Ime wire d is 

passed around the insulator a aa Fig- 109. 

shown &tbbb and then through 

a Mclntire sleeve c. This sleeve is given one and a-half turns. 

The end of the wire is shown at e. 

Ouylns- Under this heading is itifluded all the work nfces- 

sarj- to make the line secure against extraordinary stresses such as 



ogle 



lit) TELEPHONY 

have already been alluded to. The material used in fastening 
tlie pole to wliiitever object haa been selected with a view to 
securing greater rigidity for the line, is cidled guy rope or £iiy 




Fig. 110. 



strand. The standard guy strand is made of seven Bteel wires, 
each of a diameter not more than .111 inch nor less than .107 
inch. Each wire must be free from scales, inequalities, and other 
imperfections, must be of uniform diameter and be drawn in one 
continuous lengtli, and must be thoroughly galvanized. The wires 
are twisted together, the length of tlie twist not to exceed 3 J inches. 
The strand must have a breaking weight of at least 6,000 pounds, 
and must elongate not more than 17 per cent nor less than 11 
per cent of its length before breaking. 

One method of fastening the guy strand is shown in Fig. 110. 
One end of the strand is wrapped twice around the pole at i;, 
being held in place by means of staples, and secured by a stand- 
ard guy clamp. When the pole h equipped with more than one 
cross-arm, the strand is attached just above the second arm. 
When the pole is equipped with only one arm, the strand is at- 
tiiched JQst !)elow the second gain. To secure the other end of 
the strand, a guy stub, shown at a, is sunk in the ground in tlie 
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manner depicted. The strand in wound twicp ai-oniid tlie atiih, 
l>eing lield in place by sfciples, and ia secured by means of a stand- 
ard guy clamp, shown at d. 




Fig. 111. 

There are two ways of setting guy stubs, both of wliich are 
equally efficient. The method shown in the figure consists in 
fastening to the stub two logs of chestnut, shown at 
e and e'. These must be 5 feet lojtg and 10 inches 
in diameter, and fiiatened to the stub by cross-arm 
bolts. The upper one e is placed on the side facing 
the pole and at a depth of about one foot. The second 
one e' ia placed on the opi>osite side and at a depth 
of about 6 feet. These two logs, acting together, pre- 
vent the stub from being pulled into a vertical 
position by the strain on the strand. It should 
be observed that the earth is piled up around 
the guy stub in the same manner as around the 
pole. 

When the above method is not used, a 
separate anchor must be provided for the stub, 
as shown in Fig. Ill, in this case an anchor- 
rod, shown at a, is fastened to a cbeatiiut log A 
5 feet long and 10 inches in diameter, sunk 6 feet in the earth 
under a pile of rocks. Tlie "eye " end of the lod pi-ojctts ab<mt 




Fig. 113. 
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one foot abi>ve the surface of the ground. One end of a piece 
ot guy titrauJ is wriipped around the guy stub in the usual manner, 
as shown at c, and is secured with a guy clamp. A standard 
thimble. Fig. 84, is phieed through the "eye "in the anchor-rod, 
and tlie other end of the strand passed around it and secured with 
a guy clamp. 




Fig. 114. 

The method of securing the guy .strand to the pole or stub la 
shown in delail in Fig. 112; and that used in fastening it to the 
anchor rod, in Fig. 113. 

Tlie methods illustrated in Figs. 110 and 111 ate applicable to 
side guying and head guying at the end of a line. In head guy- 
ing and back guying, tlie guy strand is fastened to the next 
adjacent pole at a point about 4 feet from the ground. 

In Fig. 114 is shown another method of securing the guy 
strand. A guy rod a is secured to an anchor-log b sunk 6 feet in 
the ground. On tlie upper face of this log is secured a piece of 
plank 2 feet by 2 inches and of the same length as the log. This 
is done to afford additional resisting surface against being pulled 
outi Tlie "eye" end of tlie rod is allowed to project about one 
foot above the ground, and tlie gny strand is fastened to it in the' 
manner already described. 
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In Fig. 115 ia shown llie metliud of securing the guy strand 
when the ground is rocky. A hole is drilled in the rock at the 
angle shown, and the rock eye-bolt is driven into it, the strand 
being attached to the "eye" end in the same manner as that de- 
scribed for the guy rod. The hole in the rock should be of such 




Fig. 116. 



a size as to give the eye-bolt a binding fit. The detail of the eye- 
bolt with the attached strand ia shown to the right. 

In addition to the directions for placing guya already given 
under the heading of " Laying Out the Line," tlie following 
should be noted : 

When A lioe turns a corner, buth sIralgLt sections should be bend- 
guyed and Bide-gu;ed as sbowD in Fig. 116. 

In CTOMing a road, each turning pole should be double eide-guyed, or 
guyed on both sldei, and also liuad-guyed. 

The two poles next to the turning i)oleB ihould be Iiead-guycd. 

Terminal poIoB on long spans — 200 feet — should bo liend-guyed, and, 
if possible, side-guyed in both directions. 

The adjacent poles should be bead-(;uyed to the terminal poles. 

In passing tlirough hilly country the pules should be head-guyed as 
shown at a and b. Fig. in, so as to overcome the downward strain. 

Lines of four cross-arms or more should be double side-guyed eveiy 
quarter of a mile, and double head-guyed every half mile, in addition to 
whatever other guying may be needed. 

The method of guying in hilly country is shown in Fig. 117. 
Here the downward strain would pull poles "2 and 3 over toward^^ 
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pole 1 were it not for the guy a securing pole 2 to pole 3, and guy 
b securing pole 3 to pole 4. In many cases it Ib convenient to 
guy to trees- Particularly is this so in the case of side-guying, 
When trees are used as guy stubs, the following precautions must 




fig. 119. 

be taken: A tree must be selected which is perfectly secure and 
whioh is lai^e enough in diameter to stand the strain. The hark 
must he protected by uieaiia of lagging made of pieces of wood 
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about 1 foot long aDd 2 inches by 2 inches. These are placed 
against the tree, the guy strand being wrapped around them and 
secured iji the usual manner. la guying it luust be remembered 
that the sti'aiu on the strand can be resolved into two components, 
one vertical, or down the pole, and the other horizontal, or at 
right angles to the pole. It is this latter that is useful ; and to 
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make its amount as targe as possible in proportion to the total 
strain, the Btrand must be secured at a point as far from the foot 
of the pole as possible. 

TELEPHONE CABLES. 

Types of Cable. There are three types of cable used in 
telephone line construction, each one peculiarly suited to the con- 
ditions it is called upon to meet. Considered with regard to the 
nature of the insulating material, two of these classes may be 
merged into one, leaving only two distinct kinds of cable when 
classified in this way. The conductors of cables are insulated 
either with paper or witli a compound of rubber. When cables 
were first introduced into telephone work, the conductors were ia- 
sulated with cotton braid saturated in rosin oil. It was found, 
however, that a better insuhition could be obtained by the use of 
paper, besides securing the additional advanttiges of reduced cost 
and reduced size of cable. Cotton insulation, therefore, so far as 
cables used in line construction are concerned, is a thing of the 
past. 

Paper-insulated cables are made in several ways, hut arecom- 
piised in two great classes, dry core cables and saturated core 
cables. In the manufacture of dry core cables, as the name indi- 
cates, the conductors are wrapped with dry paper, and are sub- 
jected to no further treatment except baking. In the manufacture 
of saturated core cables, the conductors, with their paper in-sulai- 
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tion, iire saturated with melted parafliiie. The advaiitage of tlie 
hitter treatiDutit lies in tlie fitut tliat, should the cable be subjected 
to moisture, the paper will not absorb it as it does in the case of 
dry core cables. As a general thing the dry core cable is used on 
uudergi'ouud lines, while the saturated core cable is used on aerial 
lines. 

Paper-iiiaulated cables — or "paper cables," as they are 
called — are constructed in the following manner: The coniiuct- 
ora, consisting of No. 11) B. it S. giiuge soft-drawn copper, are 
covered with a wrapping of Mitnila paper of about the thickness 
used by shopkeepem in wrajiping goods. In order to overcome 
the mutual induction that would otherwise be present, each pair 
of conduetora forming a circuit am twisted together into a strand, 
the length of the twist not exceeding 6 inciies. These strands are 
laid up in layers around the center of the cable, each layer l>eing 
wound spirally around the center in the opposite direction to that 
of the next adjacent layer. In order to distinguish one of the 
conductors in a strand fi-om' its mate, the insulation on one of the 
wires is marked in some peculiar way. The standard cables made 
by the Western Electric Co., for instance, have one conductor 
covered with red paper, and its mate covered with white. The 
cable thus consists of a number of red covered conductors each 
twisted with a conductor covered with white paper. Some manu- 
facturers, notably the American Electric Works at Pi-ovidence, 
R. I., have a i-ed thread in the paper ou one conductor, and white 
paper on its mate. 

When tlie pairs of conductors have been arranged in layers as 
described, tlie whole is Ixmnd with cotton thread saturated in 
parafBne. If a dry core cable is intended, the whole is baked in a 
suitable oven in order to expel all moisture from the paper; while, 
if a saturated coi-e is wanted, the cable is immersi^l in melted 
pavaflSne. 

This work having been finished, the cable is re;idy for the 
leiul sheath. This sheith consists of a lead pipe ^ inch in thick- 
ness and having an inside diameter equal to that of the cable. It 
is forced on under pressure, cooling Jis it goes into place. When 
the lead sheath has been jihiced, the ends, in case of a dry core 
cable, are saturated in paraffine for a distance of 2 feet, to pre- 
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vent moisture entering. The sheath ia then sealed up at both 
ends, and the Ciible is ready for market. Stjmdard lead cables of 
lK)th types are made in the following sizes and of the outride 
diameters indicated in Table XIII : 





TABLE XIII. 
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The New York Telephone Company have developed a cable 
til which No. 22 B. & S. soft-diawn copper is used and which is 
made in sizes of 300 and 400 piiire, each size having an outside 
diameter of 2J inches. For nnilerfjrontid lines in large cities, this 
type of Ciiiile is especially well adapted. 

In Fig. IIH is shown ii typical paper cable, with part of the 
sheath removed to show the siu-uissive hiyiTs, which appear at 
a, 6, (J, etc., going from the center outwards. 

A paper cable manufactured by the t 
Felton-Guilleauine Ctmipany possesses \ X 
the same essential f^-atures as th(se 
already described, but is more economical 
in the use of insulating paper. It is F'g> US. 

shown in section in Fig, liy, together 

with a detail of the method of using the paper. It will l)e seen 
that the conductors of a pair are placed on opposite sides of a 
ribbon of insulating paper, and twisted together. A second ribbon 
of i»aper is then wound aronnd the pair to insulate it from the 
other paii-s. The wlnde is then Ijiim-hed logctliei', and covered 
with a lead shealh in tint manner already (U-st-rihed, 

When cables were iii"st introilnced, the great drawlwiuk to 
their use lay in the high electrostatic capacity existing between 
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the conductors. In the open-wire line this electrostatic capacity 
is reduced to a minimum by the gi-eat dbtance existing between 
the conductors. In the cable, however, where wires are bunched 
together, this separation does not exist and special precaution must 
be taken. Paper, on account of its porous texture, entraps within 
itself a large amount of dry air — a substance which, with the single 
exception of hydrogen gas, possesses the lowest electrostatic cajiac- 
' ity of all known bodies. 
The specifications for 
dry core cables call for 
a capacity between each 
conductor and its fellows 
of .08 microfarad per 
mile. In actual fact, 
cables are constructed 
with a capacity of .06 
microfarad per mile and 
even lower. Saturated core cables, for the reason that a great 
deal of the dry air is excluded by the paraffine, have a somewhat 
liigher capacity. Tlie specifications for these cables call for a 
capacity between each conductor and its fellows of .175 micro- 
farad per mile, which requirement is easily complied with by the 
manufactnrere. Each coiiductor should Iiiive a resistance of not 
more than 47 ohms per mile at a tempera tiiie of 60° F, and the 
insulation resistance of each conductor should be at least 500 
megohms per mile. Cables of tin's type are made continually 
whose insulation resistance is 1,000 megohms per mile and higher. 
When lead-sheathed cables were introduced, the sheath was 
made at finst of pure metal. It was found, however, that wlien these 
cables were laid in the creosoted duct tubing then in vogue, the 
dead oil of tar corTOded the lead. By an admixture of 3 per cent of 
tin this liability to corrosion was found to be overcome, so that today 
all lead sheaths are made with an admixture of 3 per cent of tin. 
Some manufacturers go so far as to place a layer of tin outside the 
lead, but this is not necessary. Lead-sheathed cables are always 
constructed with two spare pairs to be used in case of emergency. 
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TELEPHONE LINES. — (Continued.) 

Rubber-insulated cables, with tlie exception of submarine 
work, are used exclusively for atrial work. They comprise two 
classes known as bridle cables and tree cables, which differ but 
slightly. For local work, the sizes of tlie wires are No. 18 B. & S. 
and No. 16 B. & S. The Long Distance Company use No. 12 B. 
& S. Tlie copgier is hard-<li-awii and covered with a coating of 
tin. The insuhition consists of a rubber compound -j^^ inch in 
thicknes-s which is covered with a layer of tape. In some rubber 
cables the conductors of a pair are covered with differently col- 
ored insulation, one conductor, for example, being covered in red 
and the other in a dmb color. It has been found, however, that 
coloring matter injures the texture of the compound, rendering it 
so soft as to be eiuiily peeled off with the finger nail. Its use, 
therefore, is not to be recommended. The pairs are twisted 
together, and laid up around a central cure of jute, called the 
flllinc* The whole is then hound together with a winding of jute, 
called the servinE< and ia saturated with rosin oil. Over the 
serving are wound two layers of heavily tarred tape. In the case 
i)f the tree cable, an additional covering of heavily tarred cotton 
braid is placed outside of the tape. The conductora of these 
cables should have an insulation resistance of 250 megohms per 
mile after being immersed in water for 48 hours at a tempera- 
ture of 60° F. This requirement is ea.sily met by the manufac- 
tureis. The electrostatic cai>acity of this class of cable is very 
high, but iis it is used only in vei-y short lengths, this feature is of 
no materiid importance. Itubber cables are made in the following 
sizes : 8-pair, 6-pair, 11-pair, 15-pjiir, 20-pair, and 25-pair. Their 
diameters vary from about ^ inch to 1 ^ inches. 
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StrlnEine Aerial Cables. ASrial lead-covered cables are 
strung on the poles in connection with the open wires, to increase 
the capacity of the line. Tlie method of construction coueists in 
hanging the cable to a suspension wire supported upon the poles. 
There are many ways of supporting the suspension wire or mes- 
senger wire, as it is sometimes called. The most approved method 
will be described. The suspension wire is constructed of galvan- 
ized steel wires twisted together in tlie same manner as that 
described for guy rope. Three sizes are used in standard con- 
struction, which are of the following diameters and weights: 
J-ineh diameter, having a weight of 11^ lbs. per 100 feet; -j'j-inch 
diameter, having, a weight of 21 lbs. per 100 feet ; ^-inch diameter, 
having a weight of 51 lbs. per 100 feet. The fiist has a breaking 
weight of 1,750 lbs. j the second, a breaking weight of 3,300 lbs. ; 
and the third breaks at 8,320 lbs.' For special work, such as 
supporting extra large cables, or on extra long spans, special sizes 
of suspension wire must be used. The above sizes are standard. 
The first method adopted for supporting suspension wire was 
next to the pole, and to lash it 
to rest it upon the cross-arm, 
fiiTnly with marlin as shown 
in Fig. 120, where the pole is 
shown at a, the cross-arm at 
f>, and tite suspension wire at 
c. Tlie mnrlin lashing is 
shown at d, and is wrapped 
around the cross-arm and sus- 
pension wire and secured to 
the pole. This construction, 
however, wajj found to be 
rather crude. Not only did 
the suspension wire cut into 
the cross-arm, but an addi- 
tional disadvantage lay in the fact that the arm was subjected 
to too great a load. 

The next method devised was to drive -a pole step securely 
into the pole just below the bottom gain, rest the suspension wii« 
on it, and securely fasten the wire with marlin, as shown in Fig, 




Pig. 120. 
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121. While thifl change was a step in the right direction, there still 
remained the disadvantage of having the suspension vnve resting 
on BO small a bearing surface as the pole step. An improved 
method is tt> drill out the center hole of a guy clamp to a Buffi- 
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Fig. 121. 






Pig. 122. 




cient size to take a croBs-arni holt, and to secure the clamp to the 

pole by means of such a bolt driven througli the pole in the usual 

manner. The suspension wire is then piisaed through tlie upper 

groove, and securely held in place by tlie 

two end holts. This construction is shown 

in Fig. 122, where a n'prescntB the pole, h 

the suspension wire, c the cross-arm bolt 

passed tlirough the center hole of the guy 

clamp, and d d' the two end bolts securing 

the suspension wire. 

A special form of hanger 1ms Iwen de- 
vised to take the place of the guy clamp. It 
is shown in Fig. 123. It consists of a flat 
hook a made of ^-inch galvanized wrouglit 
iron about 4 inches wide. It is faKtfucd to 
the pole by means of a cross-arm bolt h 6_ 
The suspension wire is shown in section at d; 
and the retaining bolt, which prevents the wire from getting out 
of place, is shown at c. On account of tlie strength, simplicity, 
and cheapness of these hooks, this method is the one moHt to be 
recommended. A more elal)orate method, and one to be recom- 



Fig. 123. 
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mended where a lai^e number of cables are to be supported on one 
pole, is to liave a specially designed cable ci-oss-arm. One of tlieae 
18 shown in Fig. 124, and consists of a steel angle 4J inches hy 3 
inches, constructed of |-inch stock. The 4J-inch face is set in the 
gain and is fastened to the pnle and braced in the usual manner. 
The horizontal face is for the support of the suspension wire, and 
in it are drilled holes, a, b, etc., the extreme one being 4 inches from 
the end of the beam on each side. The other holes are spaced 6 
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Fig. 124. 

inches, with the exception of the two holes nearest the pole, 
which are 20 inches apiirt. Tlje holes on the horizontal face are 
of the proper size to take a §-inch bolt of special length to secure 
the guy clamp to the arm. The guy clamps are secured to the 
arm by this special holt passed through their center holes, and 
the suspension wires are passed thiough one of the grooves in 
each clamp and secured by the two end bolts. The suspension 
wire should never be spliced; but when the end is reached it 
should be secured to tlie nearest pole in the same manner as that 
adopted for guy stnuid, and a new run begun. Suspension wire 
is usually furnished in lengths of 1,000 feet, and when it is to be 
strung it is run off on the ground, and then hoisted up at each 
pole. The suspension wire having been strung, pulled tight with 
a block and fall, and f<istened, the work of running the cable 
should be started. Gi'eat care must be taken to protect the 
sheath from abrasions or kinks. 

Tiiere ai'e several good ways of stringing cable, but probably 
the best method to adopt is to mount the reel on a stout truck in 
such a manner as to allow it to unwind and let the cable run off. 
One end of the cable is fastened securely to the terminal point, 
and the track is driven slowly ahead. A man seated in a lx)al- 
swain's chair, which is mounted on wheels on tite suspension wiip, 
raises tlie cable up to the wire a.s the cable unwinds, and securus 
it temporarily at intervals of about 50 feet. As the cable un- 
winds, the truck is diiven ahead so that it is always about 50 feet 



ogle 



TELEPHONY 



12S 



ia wlvaiice of the maii in the boatswain's chair. When the cable 
is very heavy, and therefore difficult of manipulation by tlie man 
in the boatswain's chair, a better method is to follow that shown 
in Fig. 125. The reel is mounted as shown, so that it unwinds 
from the upper side. The suspension wire is carried down to the 
ground at an angle of about 45°, as shown at a, and is securely 
fastened. It is better, but not necessary, to have two rollers b b' 
over which the cable runs as it passes off the i-eel. A rope strung 




Fig. 126. 

over the croas-arms in much the same manner as that described 
for stringing open wires, is attached to the end of the cable and 
serves to drag it along. As the cable begins to ascend, a man 
stiktioned at that point attaches it to the suspension strand by 
means of suitable hangers, which move along the suspension 
strand with the cable. As the cable reaches the crr)ss-arm, a man 
on the pole lifts the rope off and guides the hangers past the point 
where the suspension wire is fastened. At the next pole the same 
process is repeated, this being continued until the cable has been 
Btiung. One disadvantage in this method lies in the fact that it 
requires the services of a man constantly at each pole, 
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Another method, and iivobiibly the best of all, is to carry the 
cable in a. stirrup attached to a wheel that runs along the suspension 
wire. The wheel la guided around the point of support at each pole. 

Cable Hangers. The old method of supporting cablea was 
to wrap a stout marlin string around the cable and the suspension 
wire. This was done by an ioatrument called a spinning jenny, 
coAsisting of a hollow cylinder made in two halves. The section 
is shown at a. Fig. 126, and the end view at c. Attaclied to one 
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end of the cylinder is a lug h, to which ia attached the rope by 
meana of which it is drawn along. The hole through the center 
of the cylinder ia large enough to accommodate tlie cable and the 
BUBpension wire. The marlin ia wound in layers on the jenny, 
which is placed over the cable and the auspension wire, the two 
halves being held together by a suitable device. One end of the 




Fig. 127. 



marlin ia fastened securely and the jenny is pulled forward. Aa 
it moves, tlie marlin is unwound, and wraps itself around the sus- 
pension wire aTid the cable, thus holding the two together. The 
action is shown in Fig. 127. Recently, however, this method has 
been superseded by using some form of metallic hiinger. The 
most approved type of this style of hanger ia shown in Fig. 128. 
It ia made of sheet iron tinned, and is called the metropolitan 
clamp. 

The cable sheath should be specially protected from abi-asions 
at points where it passes poles. During high winds the cable 
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svajB to some extent, and a certuin amount of rubbing between 
the cable sheath and the pole takes place- The necessary pro- 
tection from abrasion is given by fastening wooden lagging aI>out 
the cable with marlin, aa shown in Fig. 129, where a denotes the 



Fig. 12a. 

suepension wire, b and b' tlie hangers, and c and c' two wooden 
strips fastened on opposite sides of tlie cable by the martin. A 
better way is to give the cable at tliis point a heavy wrapping of 
marlin wound close togetlier and in several lajei-a. This is more 
flexible than the wood, and forms a better cushion. 

Undersround CaMe Lines. 
In laFge cities and in many 
towns, laws exist against the 
building of atrial lines, whether 
open-wire or cable. In many 
residential suburbs, the inhabi- 
tants object to the building of 
aerial lines on account of the un- 
sightly appearance of the poles. 
The number of undei^round 
lines in use is accordingly in- 
creaaing at a very rapid rate 
from day to day. While under- 
ground wires are much more costly to build than aerial lines, 
they are proof against injury by storms. 

When telephone cables were firat put underground, an open 
trench was dag and the cable waa laid in, being surrounded with 
a mixture of cement and sand. The trench was then filled. It 
was found, however, that if a cable became defective, the whole 
trench had to be dug up in order to replace it. Tlie necessity for 
some form of dutt into which the cat>le3 could be drawn was 
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apparent. Disregarding the experimental woi-k that proved 
worthless, the first form of duct used was constructed of creoBoted 
pine in the shape of an open trough. This trough was laid in 
the trench, the cable being laid in it and the earth then filled iii> 
This construction proved to be equally defective with the open 
trench in the fact that the cable could not be drawn nut without 
opening the trench. The next method deviled was to construct a 
circular duct of the form shown in Figs. 130 and 130 a. The stand- 
ard size consists of a stick of timber 8 feet long, sawed square, 
with edges 4| inches. Through the axis is bored a hole 8 inclies 
in diameter. One end of the slick is cut with a tongue, shown at 
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Pig. 180. Fig. 130 a. 

a. Fig. 130 ; while the other end is cut with a recess, shown at b. 
Fig. 130 a. In constniction the tongue of one log fits into the 
corresponding recess in the next succeeding log, and the joint is 
made secure by pouring in hot pitch. These logs, or ducts, 
called pump logs by some, are impregnated with creosote in the 
same manner as the ciosa-anns. The method adopted in con- 
structing subways with this foi-m of duct tubing, is illustrated in 
Fig. 131. A trench is first dug, varying in depth from 3 to 6 
feet according to the grade of the street. Creosoted phuiks 2 
inches thick, shown at a a ', are laid in the bottom of the trench 
for a foundation, upon which is placed the duct tubing. In the 
present case there are 12 ducts being laid, 3 rows of 4 duets each. 
On top of the upper layer is laid a roofing of creosoted planking; 
and between the sides of the ducts and the trench are placed 
joists, one of which is shown at c, to prevent lateral motion. 
The eai'tb is then filled in and packed down. One of the men on 
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top of the ducta will be Been with a hammer, in the act of driving 
home a joist. Tlie creoaoted ducts ai)out to be used are shown 
piled up at the side of the excaviitiori at 6. The depth of the 
trench should be so reguhiteil that the top pLinkirig is at least 
from 2.J to 3 feet below the surface of the road. 

Another form of duct tubing which has come into use since 



Fig. ISl. 

the introduction of the pump log, is the cement-lined iron pipe. 
The method of constructing it ia shown in Fig. 132. It consists 
of a tube 8 feet long constructed of wrought iron .018 inch thick, 
the seam being fastened by rtvets placed 2 inches on centers as 
shown at a a'. The tube is lined witli a wall of Rosendale 
cement about | inch in thickness, shown at d. Into one end of 
the tube is fitted a casting of the form shown at 6 ; while into the 
other end is inserted a casting of the form shown at c. The cast- 
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ing c fits securely into the opening at b. The Btantlard uize of 
this tube has a 3-inch hole. 

In setting this conduit the ends are butted together, the 




Pig. 132. 



sockets making secure joints, and yet allowing enough play for 
slight bends. When short curves have to be made, bent tubes 
must be used. This conduit is laid in a trench, in the bottom of 
wliich is placed a bed of concrete about 6 inches thick. The first 



Fig. 133. 



layer of tubes is coveted with a layer of cement mortar, reaching 
to the heiglit of about 1 inch above the top of the tubes, the 
second layur being laid upon t!ii.s. This process is repeated for 
ea<:h succeeding layer. In Fig. 133 is shown the method of con- 
structing a subway with this form of duct. It will be seen tliat 
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the eidea of the trench ere -walled in with rongh planking, which 
acta as a retaining wall for the mortar and the concrete. On the 
top of the apper layer of ducts is laid a layer of concrete from 4 
to 6 inches in depth. The earth is then filled in and packed 
down tightly. 

The two forms of conduit just described have heen largely 
superseded by those made of vitrified clay or terra-cotta. The 





Fig. 134. 



Fig. 186. 



yitrified duct has the advantages of cheapness, ease of construc- 
tion, and high insulation, besides being absolutely proof against 
all forms of chemical action. One form of this duct is shown in 
Fig. 134. It is made in sections 2 feet in length. The edges of 
the hole are beveled to facilitate the drawing in of the cable. 

Another and better form of this class of conduit is shown in 
Fig. 135. It consists of sections of 4 ducts of the size indicated. 
The great advantage of this conduit lies in tlie fact that with it 4 



Fig. 1U8, 

dacta can be laid with the same amount of labor tliat would other- 
wise be necessary in laying only one. This duct is laid in a bed 
of concrete as is the case with the cement-lined pipe, and a 
cement ciising is built all around. In laying the duct a mandrel, 
abowQ in Fig. ISG, is used. It is of wood, 3 inches in diameter and 
30 inches long. At one end is attached an iron eye a, and at the 
other end is a rubber ga.ski:t b whose diameter slightly exceeds 
that of the interior of the dnct. One of these mandrels is placed 
iu each duct aa the work of laying is begun j and as successive 
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sections are laid around it, it is drawn forward so that | of its 
lengtt is constantly projecting beyond the end of the last duct 
laid. By this means gnod aligameiit is secured, and whatever 
dirt may have accumulated in the ducts during the process of con- 
struction is swept out. In Fig. 137 is shown the process of con- 
struction as followed with this class of duct. 

On first cimsideration it might seem advantageous to con- 
struct subways that would be continuous from the point of start- 
ing at the exchange to the point of termination, wherever that 
might be. Such a course, however, would necessitate hauling the 



Pig. 137. 

cables in in one piece, which, even if it were possible, would be 
difficult and very costly. It has been found beat to break the 
subway every 350 to 400 feet by a suitable chaml>er dug in 
the earth, called a manhole. The manhole also serves to furnish 
a point of inspection. Still another advanti^e gained by having 
a manhole lies in the f:ict tliat should a cable become defective at 
any point, it is necessary to remove only tlie section between the 
two adjacent manholes. If the cable were laid in one piece, it 
would be neces-sary to remove the whole cable. The construction 
of manholes is very important, and sliould be done in the follow- 
ing manner : 

The size of the manhole depends upon the number of ducts, 
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but it should be lai^ enough to allow a miin to work with advao- 
is^. The usual form is that of a rectangle 8 feet by 4 feet, and 
about 6 feet deep. The walla are made of brick. In Fig. 138 is 
shown the elevation of a manhole, in which a a.' denote the brick 
wall. The bottom of the manhole, in tlie best construction, is 
made of cement and concrete mixed in the following proportion: 

Good Cement 1 part. 

Sand 2 parts. 



Fig. 138. 

This is laid to a depth of 8 inches. la some cases the man- 
hole is drained off by a pipe connection to the sewer, having the 
usual trap to prevent the entrance of the sewer gases. The con- 
crete foundation and the sewer connection are not absolutely neces- 
sary. On top of the brick work is placed a cast-iron manhole 
head shown at h b. The bottom of Uiis casting is equipped with 
a circular flange e e', which, when in phice, lies up against the 
sides of the brick wall and prevents lateral motion. The casting 
ia reinforced by two flanges c c'. A second circular fliinge d d', 
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projecting upwards, serves aa a rest for the inner cover m, whose 
edge is grooved to fit. A circular rubber gasket is placed in this 
flange, making, when the cover is ia place, a water-tight joint. In 
the center of the cover is a cup-shaped depreBsion n, into which 
fits the bolt p of the locking bar o, which is itself held in place by 
a. groove in eacli side of the casting. The outer cover, shown at 
», fits on a seat at the top of the casting. Tliis cover is heavier 
than the inner one, being strong enough to bear the weight of 
heavy trucks ; it should fit securely on the seat and not rattle. 
The ducts are shown coming through the side of the wall. 



Fig. 130. 

In Fig. 13T is shown in the foreground a manhole in course of 
construction. Where the manhole is large, as in the case shown 
in the figure, it would be impossible to corbel the brick work suf- 
ficiently to make the opening at the top small enough to support 
the manhole head. In this case two iron girders are laid across 
the top, and the head ia supported on them, the open spaces being 
filled in with flat brick arch work. Fastened to the sides of 
the hole tlirough which there are no ducts penetrating, are two 
stout planks to which are attached several wroughtriron hooks for 
supporting tlie cables. These are not necessary, but usually 
accompany the beet construction. 

Manholes are sure to collect more or less gas, which is drawn 
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in through the ducta. Gas and sewer pipes sometimes pass through 
the manholes, aiid the gas escapes into them in this way. Before 
any work is done in a manhole, therefore, it should be allowed to 
stand open for a while in order that the gas, if there be any, may 
escape. The gas can be removed with a pump, or by means of a 
contrivance like an umbrella with a string attached to the handle. 
This ia lowered into the hole and then pulled up smartly, the 
resistance of the atmosphere opening it and thus enabling the gas 
to be drawn out. A very good method of securing good ventila- 
tion in a manhole during the process of work, is to erect one end 
of a long, narrow sheet about 6 feet above the side of the hole 
opposite that from which the wind is blowing, and to allow the 
other end to haog down into the hole. The wind, strikiag this 
sheet, is deflected downward into the hole, and forming an eddy 
forces up the gases that may be lodged inside. To guard as much 
as possible against the collection of gases in manholes, the ducts 
not in use have their ends closed with wooden plugs. 

The subway is brought into the cellar of the building used 
for the central office, in order that the lines may be brought in a 
suitable manner to the switchboard. In doing this the ducts are 
either terminated in a vault under the sidewalk, or are carried 
through the cellar wall itself. In Fig. 139 is shown the method of 
laying the ducts into the exchange building. They come from 
botJi directions, bend at right angles, and pass through the founda- 
tion Willi directly under the hall door. In large exchanges where 
a great number of ducts terminate, the construction necessary for 
the proper handling of the cables is sometimes very elahorate. In 
Kig. 140 is shown a system of piping devised for continuing the 
ducts from their point of termination in the cellar wall to the 
place where the cables are to be distributed, and for arranging 
them in tlie proper order to facilitate this work. It consists of a 
number of iron pipes a a' a" etc., which rua from the cellar wall c 
to the point of distribution. They are supported upon two brick 
piers, one of which is shown at l>, and the other at b'. The cables 
emerging from these tubes are shown at e e' etc. ; and the plugged 
ends of those not in use, at m m' etc. This system has been in- 
stalled in one of the lai'gest exchanges in New York City. 

Orawinf In Cables. The subway being constructed, everjr- 
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thing 13 in readiness for the drawing-in of the cables. The first 
step in this dii-ectioii is to carry a rope through the duct into 
which the cable is to be diawn, from one manhole to the other. 
The old way of doing this work was called rodding, and consisted 
in pushing a number of rods through the duct, the end of each 
being screwed into the end of the one directly in front ol it, until 
enough had been introduced to reach from one manhole to tlie 
other. A string was then attached to the last rod, and the rods 
were pulled out of the duct and unscrewed at the opposite man- 



Fig. 140. 

hole. Wlien the hvst rod was readied, the string was untied. To 
the opposite end of the string whs then fastened a stout rope, 
which wiia in turn pulled through. A better way, and one now 
practiced altogether, is to thread a string through each duct as it 
is being laid, and fasten the ends in eikch manhole so that they 
cannot be accidentjilly pidled out. A stout rope is then attached 
to the end of one of these strings and pulled tlirough. The cable 
is in turn pulled tlirough by means of this stout rope, in the fol- 
lowing manner: 

The reel containing the cable to be drawn in is mounted on 
the edge of the manhole, as shown in Fig. 141, in such a manner as 
to allow the cable to unwind from the bottom. Care must be 
taken to keep the sheath from touching the sharp edge of the hole 
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at a, and for this purpose a man must stand ia the hole aad " feed " 
the cable in. The stout rope is fiistened to the end of the cable la 
one of several ways, all of them good and yet all of them possess- 
ing disadTantages. One method, illustrated in Fig. 142, coiisista 





Fig. 142. 
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in fastening over the cable-end a wrought-iron clamp such as that 
shown in the figure, by means of screws passed through the holes 
and driven into the cable. The rope is fastened to the eye-piece 
a, and the cable is then drawn througli the duct. Another method 
is to cut away the 
sheath for a length 

of two feet, and, ^^ 

bunching the con- 
ductors together, 
bend tbem biick in 
the form of an eye, 
fiistening tliem to 
the sheath, as shown in Fig. 143. Still another way is to wind 
around the sheath a network of iron wire, leaving an eye at the 
end for the attachment of the rope. All these methods require a 
good deal of time, and the first two necessitate wasting about 2 
feet of the cable. 

The rope being fastened to the cable, the latter is drawn 
through the duct by means 
of the capstan d. Fig. 141 
mounted on the shaft e that 

_ .„ carries the drum m about 

Big. 143. , . , , 

which the roi>e is wound. 

The capstan is turned by men pushing on the capstan baii<, two of 

which are ahoivn at e and /. Sonii-times horse-jxiwer is used to 
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turn the dram, and one company haa used a portable engine to 
perform tliis work. There seems, however, to be no indication of 
these methods coming into general use. Tu pulling in the leogth of 
the cable in the section between the central office and the first 
manhole, the reel is mounted in t)ie central office and the pulling 
ia done at the manhole. 

Splicing. It has already been said that cables, whether uji- 
derground or atrial, are strung in sections. Atrial cables are 
furnished in lengths of 1,000 feet, wljile underground cables are 
furnished in lengths corresponding to the distances between the 
manholes along the' line of subway, so that each section of cable 
stretches only from one manhole to the next. In order, therefore, 
that the conductors may furnish contin- 
uous circuits, those of one section of cable 
must be joined properly to those of the 
next adjacent section ; and in order that 
moisture may not attack the cable at these 
points of junction, the lead sheath must 
be made continuous throughout the whole 
length of the cable. " This work is called 
splicins, and is done in the following 
manner : 

In stringing atrial cables, the ends of 
adjacent sections are allowed to overlap 
about 18 inches. In pulling in under- 
ground cables enough slack is left in each 
manhole to allow the cable to be placed on 
its proper supporting hook, or, wanting 
these, to lie loosely on the floor ; also, as in 
the case of atrial cables, the ends of adja- 
cent sections are allowed to overlap about 18 inches. In making 
a splice, the lead sheath on the two adjacent ends is cut away 
for about 2 feet, exposing the conductors. This work must 
be done very admitly, so as not to cut the cotton wrapping or 
injure the paper insulation in any way. The tools needed for this 
work comprise a chipping knife and a hammer. The chipping 
knife, shown in Fig. 144, is a blunt heavy knife of wrought steel, - 
vith an edge a a, a broad hack b, and a handle c. The method of 




Fig. 144. 
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cutting off the eheath in shown in Fig. 145. At a point about 2 
feet from the eud of the slieath, a groove a in depth about half 
the thickness of the sheath is out all round. Starting at the end 
of the cable, holding the chip- 
ping knife as shown, and striking 
with the hammer in the direction 
shown by the arrow c, a longi- 
tudiniil groove is cut to meet a. 
The arrow b shows the direction 
ill which the knife blade is driven 
under the blows of the hammer, 
and it will be seen to be tan- 
gential to the coiiductore, so that, 
should the knife be driven too 
, deeply, the insulation will not be 
injured. The lead sheath being thus removed, the cotton binding 
is wound tightly, and tied at a point about half an inch from ita 




Fig. IIG. 



Fig. 146. 

end, as shown at a. Fig. 146. The conductors are then spread out 
as shown at b b' b" etc. Both ends are treated in this manner. 
A lead sleeve about 2 feet long, whose diameter exceeds that of the 
cable by from 1 to 2 inches according to the size of the cable, ia 




Fig. Irt. 

then slipped over one of the ends, after having its edges tapered 
off with a file as shown at c in the figure. The two cnhle-enda are 
then brought near enough together to make the dist-ince separating 
the ends of the sheaths about 18 inches. A pair from each cable 
is then taken, and the insulation is removed from the wires in such 
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a maimer tbat when tbe wires are placed as sliown at a and b. 
Fig. 147, the. ends of the insulation come together. A cotton 
sleeve 2^ inches long is then slipped over each conductor of each 
pi«r in one of the cables, as shown at e e' c". The red-covered 
wires are then joined together as shown at a' V, the joint being 
bent flat as at a" h", after which the cotton sleeve l-s moved over 
the joint as at o'". The two white covered wires are then ti'eated 
in tbe same manner, and this process is repeated until alt the pairs 
of one cable have been joined to those of the next, red to red, and 
white to white. The appearance will be as shown at a 6 c etc., 
Fig. 148. Care should be taken not to have all tlie joints situated 
in the same locality. They should be spread out over a distance 
about 12 indies long. 

To make a splice of this sort properly, the two cables should 



Fig. 148. 

be laid horizontally and at the same level. A6rial cables naturally 
assume this position, and the cable splicer sits in a boatswain's 
chair hung from the suspension wire. In the case of underground 
cables, the best way is to place tbe end of each on a box or barrel. 
The conductors having been spliced as shown in Fig, 148, the next 
process is that of bolline out. For this puipose paraffine is heated 
in a metal trough over a portable furnace such as plumbers use. 
The parafHne should be thoroughly heated to expel whatever 
moisture may be contained therein, and in order to determine 
when it is hot enough the following points may be observed : 

When paraffine becomes thoroughly melted it emits a light- 
colored smoke, which assumes a dark hue just before the parafGne 
bursts into flame. It is just when the dark smoke is first seen 
that the paraffine ia at the right temperature to be used. A very 
simple and absolutely reliable test — one resorted to by cable 
splicers — is to spit into the paraffine. When the paraffine is hot 
enough the saliva is instantly thrown off. 

When the paraffine is of the proper temperature it is poured 
over the splice with a ladle, and permeates all the spaces between 
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the wirea, making them air-tight and driving out whatever 
moisture may be contained in the insulation. It also saturates 
the cotton sleeving. When sufficient pantffine has thus been 
poured on, the conductors are bound together as tightly as pos- 
sible with cotton thread, and the lead sleeve is moved up into 
pLice. The ends of the sleeve are hammered down to make a 
binding fit on the sheath, and a joint is wiped at each end. To do 
this a quantity of hard solder is melted in a pot over a plumber's 
furnace. The bent surfaces of the sleeve are rubbed with tallow, 
as are also the two sheaths, to a point one inch from the edgea of 
the sleeve. The metal is then poured over the joints, and rubbed 
into place with a cloth pad, until a sufficient amount has been 
made to adhere to the two surfaces. It is then allowed to cool. 
At the completion of the work, the joint is as shown d.t a b c, Fig. 
149, where the space occupied by the wires is shown between the 
lines XXX etc., /, and /'. The sheath underneath the joint is 
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enclosed in the lines y'/' A' and g,f, and k. The edges of the 
sleeve are denoted by the lines e e'; and the spaces tn n m' n' 
are filled with the wiping metal. 

In splicing cables it is advantageous to preserve the position 
of the pairs throughout; that is to say, the middle pair in the 
first section is spliced to the middle pair in the second section, 
which in turn is spliced to the middle pair in the third section, 
etc. The first pair in the outer layer of the first section is spliced 
to the corresponding pair in the succeeding section, and so on. 
Observance of this rule facilitates tlie work of testing out after 
the cable has been finished. 

In making a wiped joint the principal point to be guarded 
^lunst is to keep the wiping metal from running under th« 
sleeve onto the conductors, burning off the insulation, and ruining 
the cable. To this end the work must be done as quickly and 
adroitly as possible. 

At the two terminating points of the cable — the central 
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office and the end of the line — the conductors are spliced to wire 
having some form of waterproof insulation, or to a cable made up 
of such wires. The ends of the lead cable are then sealed up 
hermetically so that no moisture can enter. Such an arrangement 
is called a pot'head, and is made in the following manner : 

The waterproof wire used for splicing to the conductors of 
the lead cable is No. 19 B. & S. gauge tinned, and has ofaonite 
insulation. The insulation is not covered with braid, as there 
is slight chance of mechanical injury. This wire is usually made 
into a cable, the pairs being bound together with waxed thread. 
Such a cable is called a pot-head cable, and the number of its 
pairs must always correspond to the number of pairs in the lead 
cable to which it is to be spliced. 

The method employed in making the splice is the same as 
that already described. The lead sleeve is wiped at one end to 
the cable sheath in the usual way^ the other end projecta above 
the end of the sheath about 18 inches. After the splice has been 
boiled out in the usual manner, and the joint wiped, the space be- 
tween the wires and the sleeve b filled with a compound of rosin 
and oil, which is heated into liquid form so that it fills not only 
the Kpaee between the wires and the sheath, but also that between 
the wires tliemselvcB. A suthcient quantity of the compound is 
poured in to fill the space up to the top of the sleeve. It is then 
allowed to cool, and in doing so hardens, and forms a soUd mass 
t^at prevents any moisture from entering the cable. 

Submarine Cables. As their name implies, submarine cables 
are used where it is necessary to carry the line underneath water, 
as, for ex-Tinple, in cro,?sing navigable rivers when the presence of 
overhead lines would interfere with traffic. The usual construction 
of a submarine cable calls for each conductor to be made of three 
strands of No, 2'L B. & S. gauge copper wire tinned, rubber insula- 
tion being used. The conductors forming a pair are twbted to- 
gether, the length of the twist not exceeding 6 inches. The pairs 
are bound together with cotton thread saturated in paraffine, and 
the whole is incased in a lead sheiith of the usual construction. 
Over the lead sheath, steel wires of a diameter of .2 inch are wound 
helically. Tliese steel wires constitute the armor, and are provided 
to protect the cable against mechaniual injury. Over this armor is 
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vound very tightly a layer of tarred oakum, to protect the wires 
from the action of the water. In Fig. 150 is shown the cross-sectiou 
of an armored submarine cable, in which the conductors are shown 
at a a' a," etc., with their rubber insulation. Tlie paraffined cotton 
binding is shown at b, and the lead sheath at c. At d d! d", etc., are 
seen the armor wires, with the marlin binding at e. This form of 
cable, owing to the use of rubber for insulation and to the fact that 
the armor wires surround the whole, has a very high static capacity, 
which is increased when the cable is laid, because of the presence of 
the water in such close proximity. The use of the stranded con- 
ductors is to give the cable increased flexibility, enabling it better to 
conform to the contour of the bottom upon which it is laid. 

In order to reduce the capacity 
of the cable as much as possible, the 
Long Distance Company are using 
a submarine cable in which the in- 
sulation is of paper saturated with 
asphalt. The armor wires are re- 
placed by a eecoud lead sheath 
placed outside of tlie first one. This 
style of cable gives good satisfaction pig, 150. 

for short lengths, but is much more 

easily injured by mechanical shocks than the other described. For 
long spans — 200 feet and more — the armored cable is to be 
preferred. 

In terminating rubber-insulated submarine cables it is not 
necessary to make a pot-head, as tlie nature of the insulation itself 
precludes tlie entrance of moisture. In termhiating the asphalt- 
filled cable, the usual potrhead must be made. 

TRANSPOSITION. 

It is a well-known fact following from the laws of self-induo- 
tion and mutual induction, tliat if two wires be placed parallel to 
each other, an alternating current flowing in one wire will induce 
similar and opposite currents in the otiier. These induced cuiTenta 
may be caused by the presence of the magnetic field set up around the 
first wire, or may be due to the electric stress set up between 
the two wires. The first is called erectro-maenetlc induction, aod 
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the secood electrostatic Induction. Electro-magnetic inductioa is 
illustrated la F^. 151. Suppose that in the line a b d.n alternating 

current is flowing, and that tha alternating magnetic field eet up 
thereby is represented by the concentric circles. As these magnetic 
lines cut the telephone circuit c carrying the two receivers e and d 
an induced current will be set up in the telephone circuit, which 
either opposes or agrees in direction with that of the current Sowing 
at that instant in the first circuit. This induced current will mani- 

o (fflIMimiffl3BnmiHfflffl BEeB9B-* 

Pig. 151. 

fest itself by the presence of noise in the two receivers. As the cur- 
rent in the wire a h increases, tlie induced magnetic field, becoming 
therefore stronger, will cut across the wire c, and the induced cur- 
rent will be in the opposite direction to that which induces it. As 
the current m ah decrease.^, the induced field will contract towards 
the wire cutting the Hue c in the reverse direction, and inducing a 
current therein, which is in the same direction as that in the line 
ab. 

« . . . ^ i 
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In Fig. 152 is illustrated the nature of electrostatic induction. 
Suppose the line a b again to be the disturbing wire carrying an 
alternating current. XTnder these conditions the medium around it 
will receive alternate positive and negative charges. Consider the 
instant when it receives a positive charge, as shown in the diagram. 
The medium surrounding the telephone wire will by static induction 
receive a negative chaise ; the positive charge, boing repelled by that 
on the disturbing wire, will flow to ground in the direction indi- 
cated by the arrows. With each alternation in the disturbing cur- 
rent, the direction of flow of this repelled current is changed, with 
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the resaltaat noise in the receiver. Such a disturbance would be 
produced by the proximity of electric light and power wires running 
parallel to the telephone lines. This kind of disturbance will be 
treated in greater detail later on. It will be evident that the 
same effect will also be produced by two telephone lines runniug 
parallel and in close proximity. In this case the effect of the 
induced currents would be not merely to produce noise, but to 
repeat on one line, more or less distinctly, the conversation carried 
on over the other. Such an effect is called cross-talk. 

Mr. J. J. Carty, chief engineer of the New York Telephone 
Company, carried on a series of cKperiments to prove that cross-talk 
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Fig. IW. 
was not the result of electro-mngnetic induction, but wholly due to 
ele, trostatic induction. lu Fig. IS-'l is shown his method of experi- 
mentation. The line a h, one end a being open, had the otiier end 
grounded through the secondary winding of an induction coil. The 
primary winding was connected through a transmitter to a battery, 
A constantly vibrating tuning fork placed in front of the transmitter 
caused an alternating current to be induced in the line a h. Since 
one end of this line remained open, the only current that could flow 
was that necessary to chaise tlie line up to the potential of the im- 
pressed E. M. F. Therefore the electro-magnetic induction was 
negligible. At the moment when a positive chaise was held on the 
line ah.a, negative dhai^e was induced on the other line, the posi- 
tive charge, as already explained, being driven to earth in the direc- 
tion shown by the arrows. As the charge on the wire a b changes 
from positive to negative, that on the otlier line cliangos from nega- 
tive to positive, the negative charge being released and driven to 
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earth by the path already described, and its place being taken by 
the positive charge which flows up from the earth at both ends of the 
line. As a result the current flow in this line was either from 
the center toward both ends, or from both ends toward the center. 
The lines used by Mr. Carty were each 200 feet long, and separated 
from each other by J inch. The nature and direction of current 
flow was proven by the fact that a receiver d placed in the center of 
the line gave perfect silence, while noise was heard in the other two. 
The proof was made still stronger by the fact that when the wire 
was opened at its center point noise was still heard in the two 
receivers e and e. 

When the line between Boston and New York was built, and 
telephone communication first established between these two cities, 
it was found that cross-talk was very marked, and in some cases so 



Fig. 164. 

serious as to interfere with conversation. It was this fact that 
started Mr. Carty on his series of experiments, with the results 
already given. 

So far, grounded circuits only have been considered. If the 
telephone circuit is metallic, and the disturbing wire is placed so as 
to be at equal distances from the two conductors of the telephone 
circuit, no induced current will be produced in the latter, since, if 
the disturbing wire has a positive charge at any time, the surfaces of 
the two telephone conductors nearest to it will have a negative 
charge, while those most remote will have a positive. As the 
chaise on the disturbing wire changes to negative, that on the 
adjacent surfaces will change to positive, while that on the remote 
surfaces will become negative. Since the telephone circuit is not 
grounded, it is obvious that the only way for th is change to take place, 
is by the current flowing across the wire, which produces no noise. 
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WheE the two conductors of the telephone circuit are at nn- 
equal distauces from the disturbing wire, a different condition pre- 
vails. This is shown in Fig. 154. At the instant that the disturbing- 
wire receives a negative charge, a positive charge ia induced on the 
adjacent surface of the nearest telephone conductor, the n^ative 
chai^ being repelled to the remote conductor, causing a flow of 
current away from the receiver c towards the receiver /, in the 
direction indicat«d by the arrow, with a resultant noise in the 
receivers e and d. 

It will now be apparent that if two metallic telephone lioea 
are placed aide by side, the conductors of the circuits not being dis- 
posed symmetrically with respect to each other, an effect similar to 
that illustrated in Fig. 154 will be produced and cross-talk will re- 
sult. This condition is overcome by transposing the conductors of 
one of the circuits at certain intervala as shown in Fig. 155, where 
a a' ifl one circuit and 6 V the other. At c and d the position of 
the conductors of the latter circuit is reversed so that both are 
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Fig. 155. 

equally exposed to the effect of the circuit a a'. As a result, any 
disturbing influences coming from a a' are felt equally by both con- 
ductors of the circuit 6 6', the induced current in one conductor bal- 
ancing that in the other, with the result that no curreut flows. 
This is called transposition, and is resorted to on all open-wire 
lines to prevent cross-talk. Quite an elaborate scheme has been 
worked out tor tranaposing the conductors on lines carrying several 
cross-arms. The scheme is shown in Fig, 156, and ia described as 
follows : 

Starting from the first pole, a distance of 1,300 feet ia measured 
off, and the pole nearest to this point is marked A. From the pole 
A, a second 1,300 feet is measured off, and the pole at this point 
marked B, Another 1,300 feet is measured off, and the pole at this 
point marked C The distance is again measured, and the correspond- 
ing pole marked B. This process is continued, the transposition poles 
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being marked as shown by the capital letters in the diagram. 
Referring to the top arm, at the A poles the wires on pins 1 and 2, 
3 and 4, 9 and 10, are transposed.- At the B poles the wires on 
pins 7 and 8 are transposed ; while at the C poles those on pins 3 and 4, 
5 and 6 are transposed. Referring to the second arm, on the A poles 
the wires on pins 15 and 16, 17 and 18 are transposed; wbQe on 
the B poles the wires on pins 13 and 14 are transposed. On the 
G poles the transpositions are made in the wires on pina 11 and 12, 
17 and 18, 19 and 20. 



Fig. 166. 

When a third arm is placed, the wires on this are transposed 
the same as those on the first; and should a fourth arm be tised its 
wires would be transposed similarly to those on the second. The 
method of cutting in the transpositions is sbowu in Fig. 157 and 
Fig. 158. The former is applicable to the case where the insulators 
are on the same side of the pole, while the latter is used when the 
pole lies between the two insulators. Eefurring to Fig, 157, the wire 
a, being one conductor of the pair, is brouglit around the top glass of 
a transposition insulator x, and secured by a Mclntire sleeve h. 
The free end is run through a second sleeve c. The wire a', being 
that to which a is to be transposed, is cut through the sleeve d', 
the short end being wound around the upper glass of the transposi- 
tion insulator a/, brought through the sleeve h', and ended in 
the sleeve c. The wire a', being the mate of a, is brought round the 
lower glass of the transposition insulator sf, passed through the 
sleeve V, the free end being terminated in the sleeve c' The wire a, 
being that to wliich a' is to be transposed, is cut through the sleeve 
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d, the short end being wound around the lower glass of the transpo- 
sition insulator x, passed through the sleeve b, and terminated in the 
sleeve c'. 




It will be observed that the transposing wires run between the 
two upper and the two lower glasses respectively^ so that there is 
no chance for them to come in contact. In Fig. 158 the pole is 
represented at P, and to avoid it the transposing wires are carried 




around the insulators before crossing over. Otherwise the method is 
the same as that shown in Fig. 157. This is called a traaspositlon. 

TBRniNAL POINTS. 

The terminal points of a line, as the name indicates, are the 
points in which the line terminates. In the case of trunk Hues the 
terminal points are the two exchanges that the lines connect. In 
the case of subscriber lines, one terminal is the exchange, and the 
other the subscriber telephona The term is also used to denote the 
point where a certain class of line ends, the circuits being continued 
by another class of line — for example, the point where a cable line 
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Fig. 150. 



is connected to an open-wire 
liue, or where a submarlDe 
cable line ends. 

The method of terminat- 
ing lines in an exchange, con- 
sists, in the case of cables, in 
making a pot-bead in the man- 
ner already described, and con- 
necting the conductors of the 
pot-head cable to a piece of 
apparatus called the " main 
distributing frame." This sub- 
ject will be described in detail 
under the heading of "Tele- 
phone Exchanges," where it 
properly belongs. Where the 
line approaching the exchange 
18 of the open-wire type, it is 
connected to a bridle cable at 
the point nearest the exchange, 
the bridle cable being carried 
inside. The manner of termi- 
nating; open-wire lines outside 
of an e.\ change consists in 
simply dead-ending them on 
the insulators in the way al- 
ready described, terminal cross- 
arms being used. 

Tlie terminating of a cable, 
whether aerial, underground, or 
submarine, is a more elaborate 
affair and needs to be done 
with great care. In this case 
a p'cce of apparatus called a 
cable box is used. A cable box 



is a box made of pine, strongly put together and of sufficient size 
to enable all the conductors in the cable to be arranged in order 
and permanently terminated within the box. It should be per- 
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fectly water-tight, and the door should be so constructed as to 
preveot the rain from entering on being opened in wet weather. 
In Fig. 159 is shown at a, a cable box mounted on a pole. 
The rooE b is made to slant towards the pole, and projects Buffi- 
ciently over the aide and at the front to throw off water. The 
arrangement of the apparatus inside of a cable box is sliown in Fig. 
160. The undei^round cable or submarine cable, as the case may 
be, is brought up through a hole in the center of the box, the pot- 
head being shown at a in the figure. The pot-head cable ia fanned 
out, or formed, in the manner shown, and its conductors are 
attached to the binding-posts arranged on two strips d and d'. At 
e, ^, h, and k' are four strips of maple cleats with holes bored 
through them horizontally, as 
shown by the dotted lines. 
These cleato and the strips of 
binding-postsare firmly screwed 
to the back of the cable box. 
At the left-hand side of the 
box, at b, is shown a bridle 
cable, wh.ich comes down from 
the cross-arm, where it takes 
the open wires. It is formed 
as shown, and is connected to 
the strip of binding-posts i'. I 
At the right-hand side of the ' 
box, at c, is seen an aerial lead 
cable, which comes down from 

above, and which, being formed, ~ 

ia connected to the binding- 
posts on the strip i. Referring to the two strips d and d', and beginning 
at the top of the latter, the binding-posts are numbered downward in 
series from 1. For example, the top post is No. 1, the second No. 2, 
the third No. 3, etc. Assuming that there are 50 binding-posts on 
each strip, the bottom one on strip d' would be No. 50. The post at 
the top of strip d would be No. 51, and the bottom one on this 
strip No. 100. In connecting up the cable conductors to these 
posts, the first pair is placed on posts Nos. 1 and 2, the second 
pair on posts Nos. 3 and 4, and so on. The binding-posts on the 
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strips i and i' are also numbered from the top downw&rd in series ; 
that at the top of strip t ia No. 1, as is also that at the top of strip 
%'. The wires in these two cables are connected in pairs exactly 
similar to those of the underground type. The pairs in the undei^ 
ground cable are connected to those in the bridle and atrial lead 
cables by what is known as cross-connectlng. By means of a 
piece of twisted pair wire No. 19 B. & S. gauge, rubber-insulated, and 
braid-covered, the proper connections can be made. One end of each 
wire of the pair ia connected to the proper binding-post of the 
underground cable, the other ends being connected to the proper 
binding posts of the bridle or the atrial lead cable, as the case may 
be. The cross-connecting wire is 
passed through the holes in the 
f cleats as shown. Should it be neces- 
sary to connect a pair of the under- 
ground, terminating on the left-hand 
Strip of binding-posts, with a pair 
in the aerial lead cable, the cross- 
connecting wire, after being passed 
through the hole in the cleat e', is 
carried to the top of the box and is 
passed through two japanned iron 
rig, 161. rings to the right-hand side of the 

box, to the proper point The same 
practice would be resorted to if it were desired to connect a pair 
on the strip d with one on the strip i'. 

Whenever an atrial lead cable runs for any considerable length, 
say 200 feet or over, the conductors should be protected at the cable 
box by fuses suitably mounted. A strip of these arresters is shown 
in F^. 161. They are mounted in the box and take the place of 
the binding-poets. The strip consists of a block of wood a, on the 
top of which are securely fastened brass lugs, one of these being 
shown at e. These lugs are bent as shown, and are slotted at one 
end and nicked at the other. To the bottom of the block are 
fastened a second row of brass lugs /, etc., through the center of 
which a hole is drilled and tapped. The tubular fuses are shown at 
6 V h" , etc. They consist of a fiber tube, to the bottom of which is 
fastened a brass cap with a projecting screw that fits into the hole 



TELEPHOXY 151 

ID the bottom log. The top of the tcbe is equipped with a cap 
and hollow ecrew, over which iitB s ring-nat c. This nut is slotted 
&td^ao that it can be set with a screw-driver. The fuse, which 
has a capacity of 7 amperes, is soldered to the bottom cap, passed 
up throngh the center of the tube, and soldered to the edge of the 
hollow nut. The coDdnctors in the cable to be protected are 
soldered to the bottom Ings, while the cross-connecting wire is 
soldered to those at the top. 

Beturning again to Fig. 159, it will be seen that the cable bos 
is moaated by fastening two boards, the ends of which are shown at 
e e' and d d\ to the back of the box, and bolting these with cross- 
arm bolts to the pole. The cable-box door is shown closed, and 
shonld always be secured with a padlock. At x is shown a pole 
seat, which is placed on the pole to afford a seat for the litieinan 
while working. The method of bringing a lead ai^rial cable into the 
box is also shown ; and it will be seen that the cable is given a bend 
at e, called a drip loop, which prevents water from following the 
cable down to the box. The underground cable is brought from the 
nearest manhole to the bottom of the pole, through an iron pipe laid 
in the earth. The pipe is bent and runs up the side of the pole to 
the height of 15 feet. From this point to the cable box, the cable is 
protected with a covering of sheet iron. 

TEST POINTS. 

Test points are placed here and there in a long line, to afford 
means of opening the line for the purpose of testing. Such points 
are necessary on toll trunks only. In many cases, toll trunks pass 
through several exchanges before reaching their destination, and 
nnder these conditions test points are not usually needed. The 
ne«iessary number of test points on a line has never been definitely 
figured out. The Long Distance Telephone Company formerly 
placed test points at about every 50 miles. More recently, however, 
this distance has been reduced to 80 miles. The point to be 
considered in locating test points is the amount of ground that the 
lineman can cover in clearing trouble. In flat country traversed by 
good roads, the lineman can take care of a longer stretch of line 
than in rough country where movement from point to point is not 
so easy. He is at still better advantage at points where the line 
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runs parallel to a railroad track, for in this case he can make use of 
the train service in clearing trouble. 

The test point is located in a conveaient building, which 
usually becomes the lineman's home. The method adopted for 
bringing the wires into this building is the same as that described 
for connecting a bridle cable to an open-wire line. The other end of 
the cable, instead of going into the cable box, is cut into the bnild- 
ing. In Fig. 162 is shown the standard form for cutting the con- 
ductors of the bridle cable onto the open wires. The line wires 
at this pole are dead-ended both ways as shown, transposition insu- 
lators being used. The free end of the line wire, after being passed 
through the Mclntire sleeve, is bent down at right angles, and the 
conductor of the bridle cable is soldered to it. These conductors 



Fig. 162. 

are brought down beneath the cross-arm, and are passed through 
wooden cleats to prevent the insulation from touching the creo- 
soted arms, as it has been found that creosote has a deteriorating 
effect upon the insulating material. 

In Fig. 163 is shown the method of wiring a test pole. It 
will be seen that the wires are dead-ended both ways, the short ends 
being brought over the top of the insulator and placed in a clip a, a 
firm connection being made by means of the thumb-screw i. In 
making the test, the lineman opens the line by removing the clip, 
and is thus enabled to connect himself with either end of the liue 
independently. 

The method of wiring up a test house is shown in F^. 164, in 
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which a 6, a' b' represent the top and bottom glasses respectively of 

two transposition inaulatora, the method of cutting in the bridle 
cable at the pole having been already Bhown. At c c' c" c'" are 
shown tour pieces of apparatus called Jacks. Each one consists of a 
brass ring e, e\ etc., a German silver spring 1, 2, etc., and a contact 
point shown by the arrow. When a properly shaped plug is intro- 
duced into the ring e, the plug is held firmly, and its end makes 
contact with the end of the ^S^ 

spring 1 , pushing it to one side 
and in so doing breaking con- 
tact with the contact point 
When the jacks are without 
plugs, the two conductors from 
a a', being wired to the two 
springs 1 and 2 of the two jacks p- 1^3 

c and c', form a connection 

through the arrow points to the springs 3 and 4 of the jacks c" and 
c"', thence passing out to the line wires at the transposition glasses b 
and b'. By introducing a plug into each of the jacks e and e', the line 





Fig. IM. 
is opened towards the west, and communication is established with 
the east It on the other hand a plug is introduced into each of the 
jacks e" and «"', the line is opened towards the east and communica- 
tion is established with the west. 

DISTRIBUTINa POINTS. 
As the name indicates, these are points where the line wires 
are distributed to the subscribers' telephones. Tlie simplest method 
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Fig. !65. 



of distribution is from an open-wire line by means of twisted-pair 

wire. This case is illustrated in Fig. 165, which will be recognized 
as exactly similar to that of cutting in 
for a test station. The line is dead-ended 
in the usual manner, the twisted-pair 
wire being brought down to the bottom 
of the arm and passed througli cleats to 
preserve the insulation, and springing 
away from the cross-arm at the point 
neareBt to the location of the subscriber's 
station. 

In residential districts where the 
running of overhead lines must be re- 
stricted as far as possible, it is often 
most convenient to run the undei^round 
cable into the rear yard of some house, in 

which permission has been granted to erect a distributing pole. 

The cable is carried to the top of this pole and terminated in a pot 

head, the conductors being fastened to binding posts. One such pole 

is shown in Fig. 166. The pole 

is of the box-girder type, made 

of steel, and equipped with steps 

for the use of the lineman in 

climbing. At the top is a flat 

ring, on which are mounted the 

binding-posts. On the bottom of 

this ring are mounted porcelain 

insulating knobs, shown at a 

etc. in the illustration, and to 

which are securely fastened the 

distributing wires. The pot 

bead is covered with a sheet- 
iron hood for protection against 

the weather. Distributing 

wires will he seen at h. In 

Fig. 107 is shown a rather more ^'''B- 166. 

elaborate type of distributiiif; hoo<l. It consists of a sheet-ii-on 

cylindrical box a surmounted by a hood h. This box contains the 
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binditig-poste snd protecting fuses at wbich the cable is terminated. 
The cable can be seen fastened against the pole by an iron pipe c, 
with the pot head at d. Tlie flat distributing ring can be plainly seen, 
and ia equipped with small hard-rubber-covered rings, one of which ia 
shown at e, which are used to secure tlie distributing wires. The 
distributing wires also can be plainly seen. They are No. 14 B. & S. 
gauge, tinned, covered with rubber insulation and heavy braid. The 
copper is hard-drawn, and has a breaking weight of 200 lbs. 
The conductors forming a pair are twisted together, the length of the 
twist not exceeding 3 inches. The hood is shown mounted on a 
wooden pole, but it can also be used on an iron pole. 



Fig. 187. 

The New York Telephone Company has developed a system of 
distribution called the " block " system, which is used exclusively in 
the down-town districts. The features of tbis system are as follows : 

The underground cable from the exchange terminates in the 
cellar of one of the buildings in a block, in the regulation cable box, 
Fig. 159. In this box terminate also one or two other cables, 
called block cables, which have their other terminals in the cellars 
of the various buildings in the block. These cables are usually 
bridging cables. From each of the terminals of the block cables, 
run house cables — one cable for each building — which have ter- 
minals on each floor. If a subscriber is to be given service any- 
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where within thiB block, all that is necessary is to make the proper 
cross-connectioQ between the undei^round cable and the block 
cable, aad between the block-cable terminal and the house cabla 
The oa\j wire that need he run is that from the telephone instru- 
ment to the house-cable terminal on the same floor. The wire used 
for this purpose is called house wire. It is No. 19 B. & S. gauge 
tinned wire, soft-drawn, and covered with rubber insulation ^ inch 
in thickness. Over the insulation ia woven a cotton braid, which is 
colored to imitate oak, mahogany, or cherry finish. The conductors 
are twisted together, the length of a twist not exceeding 2 inches. 

UNEMBN'S TOOLS. 

Climbers. A word should be said here about the nature of the 
tools used by the lineman, and the method of using them. The first 
requisite in the lineman's kit of tools is the climbing irons, or spurs, as 
they are called. These are worn to assist in climbing up and down 
the pole. They are made in two forms as shown in Figs. 168 and 169. 
Both types are made of wrought iron, with a steel spur welded on. 
In Fig. 168 is shown what is termed the "Western" spur 
from the fact that it is used more 
ia that part of the United States 
than in the East. It gonsists of 
a wrought iron strip a, the upper 
end being shaped into an "eye" 
c, while the other end is bent at 
right angles to pass under the 
instep, curving upward slightly to 
give tlie foot a firm hold. At the 
extremity is the wrought steel 
10 that it can be jabbed into the 
pole by an inward and downward motion of the foot The device is 
held in place by a strip passing through its " eye," and around tlie 
upper part of the tliijjh of the climber. The strip a is on the out- 
side of the leg when in place. 

In the Eiistera type shown in Fig. 169 the strip is equipped 
with an " eye " at the upper and also at the lower end, the former 
being shown at b and the latter at c. The spur d is welded to the 
lower part of the strip. When in place the strap a is on the inside 
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of the leg, and is held in place by two leather straps, one pasaing 
through the eye c and the other passing through the eye b. 

One of these types is about as good as the other, the Western 
being somewhat simpler in construction and easier of adjustment 

In climbing, the pole is grasped with the hngers and lower part 
of the palms of the hand, and 
the spurs are jabbed into the 
side of the pole with a down- 
ward thrust Care should be 
taken not to "hug" the pole pi((. 170 

but to bold on at arm's length. 

To be a good climber requires a cool bead and strong muscles, and it 
is well for a beginner to practice at moderate heights — say 15 feet 
in order to accustom himself to the work before he attempts to 
climb higher. 

Pliera and Wrenches. In addition to the ordinary pliers 
used, the lineman carries a wrench, shown in Fig. 170. It is made 
in the form of ordinary 9-iach pliers, but is equipped with two sets 
of circular jaws shown at a a' and b b', the former being for No. 8 
wire and the latter for No. 12. 
The wrench is held closed by a 
lock e, which holds the two 
handles tt^ether. This wrench 
is used to twist Mclntire sleeve 
joints. Two such wrenches 
are used together, one being 
clasped over one end of the 
sleeve and held rigid, while 
the other is clasped over the opposite end of the sleeve and rotated 
until the requisite number of twists have been made. 

Come Alongs. This term is used to denote the mechanism 
used to pull up open wires to the proper tension. The device is shown 
in Fig. 171. It consists of a set of jaws a and b, which are pivoted 
to two links at e'" and e' respectively. These links are strapped 
tf^ether by pivoted joints at eand e", so that by pulling on the " eye " 
c the jaws are brought together, always maintaining a parallel posi- 
tion. The wire to be pnlled np is placed between the two jaws as 
shown at d, the whole being drawn up by a rope attached to c. 
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TBLBPHONB EXCHANQES 

The subject to be studied dow is tbe method employed to so 
tenuinate telephone lines, that the proper connection can be made . 
when one subscriber wishes to conTerse with another. This sub- 
ject naturally divides itself under two heads : first, the terminating 
lines as they enter the exchange building ; and second, the arrange- 
ment of these terminals, so that the proper connections can be 
made. To accomplish the desired results, two pieces of apparatus 
are necessary: that used in properly terminating the lines is called 
The Distributing Board. That used in properly arranging the ter^ 
minals so that connections may be made, is called The Switehboard. 
Auxiliary apparatus is also needed, but it should be remembered, 
that the two principal pieces of apparatus in a telephone exchange 
are the distributing board, and tbe switchboard. In dealing with 
tlie subject of telephone exchanges, the terminating of the lines 
will be considered first, and later the distributing board will be 
described in detail. 

The design and use of a distributing board is based upon the 
following principles. All wires entering an exchange, whether of 
the open-wire or cable type, must be permanently connected to 
fixed terminals. All wires running between the distributing board 
and the switchboard, must be permanently connected at the for- 
mer end to fixed terminals. These two sets of terminals must be 
BO arranged with respect to one another as to be really connected 
together, or disconnected according to the needs of the case. 

By this means, the two systems of wiring — that entering the 
exchange from without, and that between the switchboard and the 
distributing boai-d — are entirely independent of one another, and 
either one can be changed without necessitating a change in the 
other. 

Numbering. All conductors entering an exchange are num- 
bered according to some system, and the numbers are placed op- 
posite the terminals on the distributing boai-d. The conductors 
on an open-wire line, arc numbei'ed to correspond with the pina on 
which they are placed. Tlie pins are numbered in the following 
manner: standing with the buck to the exchange, and facing the 
direction in which the pole line run*;, the left-hand pin on the top 
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arm is No. 1 ; that t*> the right of it, No, 2 ; iind so on till the 
right-hand pin on the top arin is reached, which is No. 10, The 
left-hand pin on the second arm is No. 11 ; and the right-hand pin 
on the same arm, No. 20, and so on to the right-liand pin on the 
bottom arm. This system is maintained whetlier or not wii^s are 
attached to the pins in eonse<intive order. For example, suppose 
that pins Nos. 1, 2, 3 and 4 have wires attached and that the rest 
of tlie pins are vacant to pin No. 15, the wire on this pin would 
still be No. 15. 

All cables entering an exchange are numbered consecutively. 
In cities having more than 
one exchange, cables enter- 
ing one exchange are distin- 
guished from those entering 
another by a different hun- 
dred. For example, the 
cables entering tlie Broad St, 
Excliange in New York are 
numbered from 1 to 99 ; 
those entering the Cortlandt 
St. Exchange in the same city 
. are numbered from 100 to 
199. Those entering the 
John St. Exchange are num- 
bered from 200 to 299, etc. 
The conductors in the cable 
are numbered from 1 up, each one biking its number from that 
of the binding post in the cahle box to which it is attached. Tlie 
wires running to the switchboard are numbered in an alto- 
gether different manner, which will he explained. 

Main Distributing Board. The style of the distributing 
board varies with the size of the exchange, and also with the ideas 
of the designer. For small exchanges, in which 100 or 200 lines 
terminate, It is a very simple affair. In Fig. 172 is shown one 
type of this piece of appamtus used with small exchanges. It 
consists of a board a of maple. The size of this board depends 
upon the number of lines to be handled. For 100-line capacity it 
is about 3 feet by 2 feet, while for 200 lines it is about 4 feet by 
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3 feet. Two maple cleats b and b' are fastened to the boaitl, and 
have holes bored in them, shown at c, c', c", etc., and d, d', d", etc. 
These holes are for the accommodation of the erosB-connecting 
wires. The cleats are similar to those used in cable boxes which 
have already been described. Ftistened to the face of the board 
by small screws e, «', e", etc., are brass clips, one of which is shown 
in detail at x. The hole through which the screw passes is shown 
at y. There is a nick in each end of the lug for the wire ; one of 
them being shown at z. 

The lugs in each group correspond in number to the number 
of conductors handled; the one shown in Fig. 172 having a capac- 
ity of 50 lines. 

The lines coming in from tlie outaide, are brought to the back 
of the board and soldered to the lugs, being passed through holes 
for the puipose. The conductors from the switchboai-d are treated 
in a similar manner and soldered to the bottom row. The cross- 
connecting wire is run on the face of the board, and is passed 
through the proper holes in the cleats, and soldered to the oppo- 
site side of the lug. Referring to the detail, the outside wire 
would be soldered at z, and the swichboai'd wire at w. For cross- 
connectmg purposes, the wire is the same as that used in cable 
boxes. 

This form of distributing board is very compact and admits 
of the connection being established between any switchboard wire 
and any pair of wires coming in from outside. 

There are certain essential features which this form of board 
does not possess, and which are absolutely necessary in a distribut- 
ing board in an exchange of any considerable size. First, this 
arrangement of terminals is not the jnost economical as regards 
space. Second, it does not make provision for protecting the 
switchboard from lightning or foreign currents. Third, it is very 
difficult to get at the inuer lugs for soldering wires or breaking 
connections. Fourth, it does not afford an easy way of ojjening a 
line for testing. While it is not essential to have the high-poten- 
tial protecting apparatus mounted on the distributing board, and 
while many excellent boards have been designed without this 
feature, it is absolutely necessary that a distributing board for a 
large exchange should possess the other features. 
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Hlbtwrd Distributing Board. In Fig. 173 ia shown adt»tTtb- 
iiting board designed by Mr. Hibhard, which, although now ouu 
of-date, was formerly extensively used. It consists of iin iron racli 
upon one siile of which are fastened wooden horizontiil strips 
aliawn at a, a', etc. On the opposite aide, tlic same kinil of 
strips are fastened vertically as shown at e, e', e'\ etc. Down the 




center of the rack ran horizontal iron rails d, d', d," etc. to which 
are fastened rings. The wooden stripe have holes bored tlirough 
the center, and on opposite sides are mounted brass piinchings as 
shown in the detail, where the hole is at x, and the punckings at 
y, y". Two of these punchings aie shown at e and c'. 

The metliod of using this rack is as follows : The cables from 
outside are formed upon the inside of the vertical strips, the con- 
ductors being passed through the holes. Pairs are connected to 
the lugs on the 0|)posite sides of a hole. The conductors from 
the switchboard ai^ formed uiion the inner side of the horizontal 
rails, and coDEiected in the sime manner as described for tlie cable 
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conductors. The cross-conDectiDg wires are brought over the 
edges of the rail and soldered to the outside ends of the lugs. 
The cross-connecting wires are passed from the horizontal mil 
diagonally to the ring opposite the proper vertical strip, and 
thence through the ring to tlie proper lug. With this form of 
distributing board, tlie cable conductors are soldered to the lugs 
on the horizontal rails, while the switchboard wires ai'e soldered 
to those on the vertical rails. 

As haa already heen stated, this form of distributing board 
does not provide for tlie proper protection of the wires, so that 
additional facilities for furnishing pi-otection must be at hand. 
The standard method of accomplish- 
ing this is to terminate the cable 
in what is known as a cable head 
, which contains the desired protecting 
apparatus. One form of cable head 
is shown in Fig, 174, where a repi'e- 
sents a cast-iron box, equipped at the 
back with lugs f>, b', b" , h'", for fasten- 
ing it securely to some suitable sup- 
port. Over the front of the box fits 
a lid c, which, by means of a rubber 
gasket X, forma an air-light cover. 
It is held in place by means of screws, 
d, d\ d", etc. which fit into holes 
drilled and tapped into the edge of 
the box. Projecting from the bottom 
of the box, and apcured to it by means of a lock-nut, is a brass sleeve 
e, to whicli, by means of a wiped joint, the sleeve of the sheath 
is attached. Projecting through the sides of tlie box, as shown at 
/,/*,/", etc. are the connectors. They coiLsi.st of hollow tulies of 
fil>er held in place by lock-nuts. At the inner end of e;ich is a 
binding post for attaching the cable conductora, while at the outer 
end is a larger one for attaching the cross-connecting wire. Run- 
ning through the fiber tube and attached to both binding posts is 
a fuse, for protection against an abnormally large current. 

When a cable terminates in a cable head, it is not necessary 
to make use of a pot head ; it is sufficient to wipe the sheath to 
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the htasa sleeve aa already explained. The cross-connecting wire 
running from these terminal:) is soldered to tiie luga on the hori- 
zontal rails of the distributing board. After the cable conductors 
have been properly fastened to the binding posts, hot parafBne is 
poured into the cable he^id aevend times, and while the inside is 
still hot, the lid is securely fastened. 

The numbering of the binding posts begins on the left-hand 
side of the box at the top. The 
top front binding post is No. 1 ; 
that slightly lower and to the 
rear of the box is No. 2 ; that 
directly under No. 1 is No. 3, 
etc. This system is continued 
on the opposite side of the bos 
beginning at the top and ending 
at the bottom. 

The disadvantages of this 
method of terminating a cable 
ai-e tlie extra cost of the box, 
and the extra run of cross- 
connecting wire from the cable 
terminal to the distributing 
Iward. While the fuse is asuit^ 
able protection against alinoi-mal 
currents, it is not sufficient pro- 
tection against the damage due 
to a sudden charging of the line 
with a hii:;h potential as in the 
case of thunder storms. 

Ford-Lenfest Distributing Board. To do away with the 
cable terminal, and to place the necessary protecting apparatus in 
the most convenient place the form of distributing board shown in 
Fig. 175 was devised. It consists of a scries of vertical iron 
Ijeams of which two are shown at a and a', Tliey are held 
securely together by flat iron bars d, d', d", etc. These horizontal 
bars are fastened to the angles by bolts. Running at right angles 
to d, d', d", etc. is a second set of flat iron bars c, </, and c", etc., 
which are bolted to the verticals, and which carry at one cud a 
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heavy, vertical iron strip g, </', and at the other end, wooden clian- 
nel pieces/,/',/", etc, Tlierfe chaunel pieces, which are of maple, 
carry a series of brass lugs arranged in gioupsj each group taking 
up the space between two consecutive horizontal supports. Each 
group consists of 20 pairs of lugs. 

The end view of one of these channel pieces is shown at a in 

Fig. 176. Mounted in tlie eliannel is a hard-rubber strip e, into 

which slots are cut for the accommodation of the 

lugs. These slots are of sufficient depth to allow 

tlie top of the lug to pi-oject about j'f, of an inch. 

On top of this is placed a second hard-rubber 

strip c' which is securely bolted to the ftrat one 

and to the maple strip by brass bolts, one of which 

is shown at d. The lugs aie made with two eare, 

e and e'. Two holes 6 and b' are bored through 

Fig. X78, the channel piece opposite each pair of lugs for 

the accommodation of the wires. To the vertical 

iron 8tri[)S g and y, Fig. 175, are attached the protecting device 

to be described dii'ectly. Rings e, e', etc.. Fig. 175, are fastened to 

the horizontal braces at each section for the accommodation 

of the crosBKSonnecting wires. 

This form of main distributing frame is used esclusively by 
the Bell Companies, and is made in two forms, known as tlie 4a 
and 4b frame. In the 4a frame, the cable conductora are attached 
to the lugs on the liorizontal channel pieces; while in the 4b frame, 
the cable conductora are connected to the protecting apparatus nn 
the vertical side. In the 4a frame, the switchboard wires are at- 
tached, to the protecting apparatus, while in the 4b frame, thuy are 
attached to the lugs on the horizontal side. In Fig. 175, a cable 
is shown at o, coming up through a hole in the floor. It is fanned 
out at the rear of the strip, and its conductors are brought through 
the bottom row of holes and soldered to the lugs. A cross-con- 
necting wire is shown at m ; it is soldered to the upper ears of the 
lugs, and brought through the ring e" to the vertical side. 

The only differenee in the make-up of the 4a and 4b frames 
lie.s in the style of pr<)tcrting device. The 4a protection is shown in 
Fig. 177, At a is sliown in cross-section tlie iron strip^ in Fig. 
175. Mounted on this strip is the protection which consists for 
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each line of the following apparatus : On two hard-rubber blocks 
c c' are placed two German-silver springs d d', with the ends bent 
up into lugs as shown. The opposite ends are slightly bent, one 
rests on the carbon block ff, and the other on the carbon block g'. 
Firmly attached to each spring by rivets is a flexible strip of 
German silver, one of which is shown at e, and the other at e'. 
Resting on the two hard-rubber blocks r and r' are the two sprii^ 
/ and 4' shaped as shown. Fittinji into a hole drilled through r, r, 
</, e' and /, are two hard-mbber sleeves n aud ?it, the latter lieing' 
provided with a shoulder which rests against the spring i. 
Through the center of these tubes 
passes a brass bolt /. It is held 
in place by a nut j) resting on the 
lug o and one at the opposite end 
resting against the end of the 
short, hard -rubber sleeve g. In 
this way the lug o is in electrical 
contact through the bolt I and the 
nut p, with the spring d' while 
the three remaining springs are 
insulated from one another. 
Fastened to the end of a is a Ger- 
man-silver stripy, against which 
rest the two carbon blocks h and 
/>', which in turn rest against ^ 
and '/ respectively. Tlie spaces 
between 1/ and /i, and 1/' and /i 

are filled with a thin sheet of 

FU'. 177. 
mica. 

At s and g' are shown two pieces of apparatus called heat 

coils, shown in detail in Fig, 178. A heat coil consists of a fiber 

shell a, with a brass pin c passing through its center ; soldered to 

this pin is a brass sleeve d ao placed tliat there is an interval of 

about jL inch between its upper end and the top of the fiber shell. 

A coil of very fine wire, insulated with silk and cotton covering, 

is wound around this sleeve, one end being soldered to the sleeve, 

and the other to a briiss plate placed on top of the shell. At is 

shown a small fil>er j)rojection. Returning to Fig. 177 : the heat 
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coil is so placed that the fiber projectioD o fits into a slot in the 
spring i or *' and the pin e passing through a hole in d or d' reata 
on the German-silver strip e or e' as the case may be- The sleeve 
d. Fig. 178, rests on the edges of the hole and with the tension of 
the outer springs holds the heat coil in place. Starting from the 
lug o. Fig. 177, a ciicuit is formed through the brass bolt I to the 
spring d', and thence to the sleeve of the heat coil »'. Through 
the winding of this coil it passes to the brass cap which rests 
against the spring i', and thence to the lug at its end. Starting 
from the spring d, a circuit is made through the heat coil to the 
spring i, and thence to the lug »'. The cross-connecting wire, 
coming from the lugS at the horizontal side of the frame to which 
the undtirgmund conductors are also attached, is connected to the 

^ O 
c 

Fig. 178. Fi 




lugs o and d, while the switchboard wire is connected to the lugs 
i and {'. 

The carbon plates are shown in detail in Fig. 179- It will 
be seen from the end view that the upper plate g is slotted at b, so 
that the springs d or d' will hold it securely and not allow it to 
fall out of place. The lower carbon has a depression a in its up- 
per surface wliicii is filled with solder, care being taken to have 
the surface of the solder flush with that of the carbon. The mica 
separating the carbons is shown at c. It is about ^ inch in thiok- 
nees. 

The action of the arrester is as follows : A high potential 
coming in OQ the line, as for example a charge of lightning, would 
pass over the springs d and d\ called the ground springs, and 
reaching the carbons g and g" would arc across the spaces between 
them and the other carbons A and h', through the gap in the micas. 
This are would melt the fuse a, Fir^. 179, forming a peimanent con- 
nection between the two ciulions. The iron strip a. Fig. 177, being 
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permanently grounded, a path ia afforded directly to earth, thua 
saving the exchange wiring and apparatus from destruction. When 
the discharge h:ia taken place all that is necessary is to replace the 
carbon plates by new ones, and blow away whatever carbon dust 
may have accumulated. 

Should an abnormal current come in on the line of a poten- 
tial not sufficient to arc between the carbons, it will pass through 
the heat coils, and fuse the wire, opening the circuit toward the 
exchange. The lieat produced would, in addition to fusing the 
wire, melt the solder which holds the sleeve d. Fig. 178, in place ; 
and as a result, the pressure of the outer spring would push the 
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heat coil down till the pin, driving before 'it the strip e, Fig. 177, 
would press it against the strip/, thereby grounding the line, and 
affording a safe path for tiie current. 

In Fig. 180 is shown tlie 4b arrester, and it differa from the 
4a only in tlie method of mounting the-springs. It will be seen 
that the lug o is electrically connected through the bolt I to the 
spring i', while the remaining springs are insulated from one an- 
other. The wires of the outside cable arc soldered to the lugs d 
and d\ while the cross-connecting wiie is fastened to the lugs o 
and i. In every other rfspi>i;t. and in the action, this style of 
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arrester ie identical with that already desoribed. In Fig. 181 is 
shown part of a vertical fanning strip, not shown in Fig. 175, but 
which is mounted on the horizontal flat irons c, c', etc. This con- 
sists of two parts, one shown at a, being comparatively wide, and 
having recesses cut in it for the iron braces to pass through. A 
second narrow strip b, is screwed on to the side of a, and serves to 
hold the latter rigidly. In a are drilled two rows of holes, c,/, g, 
A, etc., and e',f, g', k', etc. They are about J inch in diameter. In 
b is drilled a. row of holes i, i', i", i"', etc., of a diameter of ^ inch. 
In a 4a frame, the wires from the switchboard are passed through 
the smaller holes, while the cross-connecting wire is passed through 
the larger. The vertical spacing between the holes is } inch, the 
same as that between the arrester springs. In the 4b frame, the 
oonductors of the cable pass through the small holes, but the cross- 
connecting wire passes through the large ones. In Fig. 177, the 
plan of the fanning strip is shown at x, the hole for the cros&^on- 
neeting wire at y, and that for the switchboard wires at 2 and z'. 
In Fig. 180, the cable conductors pass through the holes z and z', 
while tlie cross-connecting wire passes through the hole y. 

SWITCHBOARD. 

The switchboard is that piece of the apparatus in which the 
lines are so aiTangud t)iat the proper connections can be made. 

In the most simple form of switchboard, all the lines termi- 
nate within reach of one operator who is thus enabled to handle 
all the business. The essential parts of such a switchboard may be 
defined as follows : First — the Une terminals, designed and 
placed to enable the operator to connect herself with each and all 
of the circuits. Second — the line signals^ constructed and placed 
to give notice to the operator when the subscriber wants attention. 
Third — the necessary connecting circuits, for establishing the 
proper connections between the line terminals, and also to enable 
the operator to connect herself with any line terminal to learn the 
wish of the suhseriber. Fourth — a key wired to each connecting 
cord circuit, to enable the operator to cut in lier teleplione circuit 
on the connecting circuit for the necessary conversation with the 
subscriber. Fifth — a signal placed on each connecting-cord 
circuit to enable tlie subscribers to signal tiie operator upon 
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the completion of a conveisatioQ, id order that the connection may 
be taken down. Sixth — an additional tey placed on each con- 
necting-cord circuit to enable the operator to cut in on it and an 
alternating current of suitAble potential to enable the operator to 
call the subscribeis. 

The Hoe terminals are ceXled jacks. They are made of brass 
of various designs, and so constructed aa to be placed in rows. 
The line signals' take the form of magnetic drops, and are called 
line drops. The connecting-coi-d circuit is wired permanently to 
the switchboard, and terminates at both ends in a flexible cord and 
plug for inserting into the jack. The circuit of a switchboard is 
shown in Fig. 183. Two subscriber lines are shown, and for coii- 
venience, one is shown terminated on a 4a distributing hoard, 
while the other is shown terminated on a 4b board. Referring to 
the upper one ; the cable conductors terminate on the horizontal 
side, the wavy lines denoting the cross-connecting wires. At 6 and 
b' are shown the carbon-block lightning arresters, and at e and (r* 
the heat coils. Referring to the lower line, the cable conductors 
are terminated on the vertical side of the distributing board, the 
lightning arresters being shown at h, b\ and the heat coils at c, and 
c". As before, the wavy lines denote the cross^ionnecting wires. 
The two line jacks are shown at d and d\ and are constructed as 
follows: Referring to the upper one e is a brass ring -shown in 
section 1, a German-silver spring, which normally makes contact 
with the point indicated by the arrow. To this contact ia wired 
one side of the drop, the other side being permanently connected 
to the ring. The drop is shown at x and consists of the ordinary 
form of electro-magnet, with a pivoted armature and a brass shut- 
ter, which is allowed to fall when the former is attracted to the 
pole pieces. The two plugs of the operator's cord circuit are 
shown at p and p'. Each one consists of two metallic parts insu- 
lated from one another (called the tip) shown at 3 and 5. The 
shank or sleeve is shown at 4 ^iid 6. The two flexible cords ex- 
tend from the two plugs to the coimectors w and w', and ?Cj, and 
a/p respectively. 

At R and R" are shown the two ringing keys, used for throwing 
the alternating current onto tbe line to call the subscriber. Each 
oue of these keys consists of two normal German-silver springs 9 
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and 10, which with tlie key in the position ahown, make contact 
with the points 11 and 12 vespeeti vely. This circuit is connected 
to the outer spring 7 and 8. At m is shown the clearing-out drop, 
or drop connected to the connecting-cord circuit to give the signal 



Fig. 183. 

to the operator upon the completion of the conversation. The 
drop ia permanently bridged across the circuit, and must be of 
high impedance. It is wound to a resistaTice of 500 ohms. 

At I is shown tlie li^^tening key. This differs from the ring- 
ing key in that there are no inner contiicts. The normal springs 
are bridged aero-ss the line, and the outer ones are connected to 
the operator's telephone circuit. The ringing current generator ia 
shown at «. The method of operating is as follows: One of the 
subscribers, for example the one whose line is connected to the 
jack d, desiring to converse with another one, rings with the gen- 
erator at his telephone and throws the shutter of the drop x. The 
operator upon seeing the drop fall, introduces t!ie plug p' into the 
jack, the tip 5 touching tlie spring 1, while the shank 6 makes 
contact with the ring 2. The spring 1 is raised, breaking con- 
tact with the drop at the arrow point. The drop is thus cut off- 
This is necessary, otherwise the presence of the drop bridged 
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across the line would seriously retluce transmission as has already 
been explained in connection with the series bell. A circuit is 
now formed from the jack through the tip and sleeve of the plug 
and the cord, to the normal contacts of the ringing key R', thence 
through tlie inner contacts 11 and 12 to the cord circuit wiring. 
The operator, by adjusting her listening key I, cuts her telephone 
in on this circuit and communicates with the subscriber. Upon 
le:iraing thiit the calling subscriber wishes to communicate with 
the subscriber whose line is connected to j^ick d', she introduces 
the plug p into the jack, thereby cutting off the drop x' as already 
described. The ringing key R is then depressed with the result 
that the ringing current ia thrown on the line, thus ringing the bell 
at the called subscriber's telephone. It should be obsei'ved that 
when the bell at a subscriber's station is rung, the cord circuit is 
open towards the other one. The reason of this is that the call- 
ing subscriber who is waiting with the receiver at his ear would 
otherwise receive the very unpleasant sensation of having the ring- 
ing current pass through its coils when held in that position. 
Again the presence of the calling sulwcriber's receiver bridged 
across the line would shunt so mucli current that the called sub- 
scriber's bell would ring veiy fiiiiitly if at all. 

During the conversation the two-line drops x and x' are cut off 
from their respective lines, and the only signal within reach of 
either subscriber is the cle.tring-out dropm. Upon the completion 
of the conversation the act of one or more of the subsciibera ring- 
ing, throws the clearing-ont drop, thus giving the signal to the 
operator that the connection must be taken down. The operator 
can, by means of her listening key /, listen in on the circuit. The 
operator can establish as many simultaneous connections as she 
has cord circuits. The number varies from 5 to 12 according to 
the magnitude of the business to be handled. 

With the exception of the ringing-current generator, and the 
operator's telephone circuit, each cord circuit is made up of the 
apparatus shown in Fig. 18:i. Tlie ringing generator and the 
operator's telephone circuit are commnn to ail the cord circuits. 
When the telephone business stjirted, there were many differ- 
ent systems of operating, cauh requiring its peculiar form of ap- 
paratus. None of these systems ari^ nnw in use. Only two of 
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them will be mentioned here. They are the Chinnock System, and 
the Law System. In the former, the line signaU were placed 
tegether in an annunciator box, and one of the operators was de- 
tailed to watch them. Sitting at a table were a number of oper- 
atoFii, who switched in on the subscriber line whose number was 
called out by the annunciator operator, and ascertained the num- 
ber required. The operator then gave the calling and the called 
numbers to an operator placed at the switchboard, termed the 
switching opeiBtor, who estiiblished the connection. Thia system 
more than any other prepared the way for those now in use, 

The Law system, although now obsolete, proved very success- 
ful for the uses to which it was adapted. In outline the system 
was as follows : All the subscribers' telephones were placed on 
one wire, known as the calling wire. When the subscriber 
wished to call the operator, he went in on the calling wire. 
Since all Bub8crit>ere were on the same calling-wire, the party 
calling had to give his number and that of the party required. 
Upon 80 doing the party would establish the connection. The 
principal featui'e of this system was the fact that a very small 
switchboard was needed. When, however, the volume of business 
became heavy, it was found to be inadequate and went out of use. 

Switchboards in use to-day, may be divided into two classes : 
Standard and Multiple. The former board is so made up that 
each line entering the exchange has one terminal, or jack, and only 
one. The multiple system is based on the fact that every line en- 
tering the exchange has a jack within reach of every operator. 

Before taking up in detail the method of construction of the 
standard switchboard it will be necessary to say something about 
the nature of the construetiori of the essential pieces of appaiatus 
of a switchboard. Let us take them in the order named : The 
type of jack used in the standmd switchboard is constructed as 
sliown in Fig. 183a. It consists of a brass casting shaped cylindri- 
ciilly at a, and cut out in the middle 
with a rectangular enlargement b at the , .^ 
opposite end. The cylindrical end is "wJi 
slightly lioUowed out in the center, and 
the extremities are neatly turned as j^„ igg^ 

shown at x and x' ; by nieuna of the 
hole through the Ing i the jack is screwed to the switchboanl. 
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Fastened to b, but insulated therefrom by the hard-rubber strip 
c, is the German-fl liver spniig e the end of which is bent as shown 
to make contact with the tip of the plug. A seeoiid spring g, 
fastened to b but insulated therefrom by the hard-rubber atrip d. 




Fig. 184. 

is provided with a point k, which passes through a hole in the 
casting and makes contact with e. 

The two conductore of the subscriber's circuit are soldered 
to the punchings e' and /. One side of the drop circuit is 
soldered to /and the other to ff. These jiicks are usually 
mounted in a hard-rubber panel called the jack panel, which 
forms part of the face of the switchboard. Next the line signal 
or drop is shown in Fig. 184, where the two magnet coils are 
shown at a and b, and the plate upon which they are mounted, at 
e. This plate is equipped with two projections e' e' from which 
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Fig. 185. 

is pivoted the armature d. This armature has attached to it a 
stiff steel wire /, the other end of which is shaped to hold the 
drop (/ in place. When the magnet coils are energized, the 
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armature is attracted to the poles, lifting the steel rod / and 
allowing the shutter to fall. The fjtce of the drop is shown at x 
and the shutter in the fallen positiim, at y. The rhigiug and 
listening keys are shown in Figf. 1H5 and 1S6 respectively. TJie 
ringing key consists of a brass frame a at the bottom of which is 
mounted a hard-ruhher strip b. Upon this strip arc mounted the 
contact points i i wiih their respective lugs i' and t", to which the 
wires are soldered. Alounted on 4 hard-ruhher blocks /(, h', b_, 
and h', are 4 springs K,j, K' and./', with their respective lugs A", 
y, ff", and /. E.icK one of the.sc springs is insulaU'd from its 
fellows. A brass plunger c passes through boles iu a and /-, and 
screws into a bard-rubber wedge d. A l>;inl-riibl>er hulton e is 
screwed to the top of this plunger; a sipiial spring/ which ia 




Fig. 186. Fig. 187. 



wound around c has one end butting against e, and the other 
against a. The brass sleeve g prevents the button e from being 
depressed too far. The action of the key has already been 
explained, 

Ringing keys are usually mounted in a row, the two on each 
cord circuit being placed as shown in the right-band figure. The 
listening key is showu in Fig. 180 and its construction will 
readily be understood from wliat lias been said about the ringing 
key. 

There remains to be described, the signals on the operator's 
cord circuits called the "elcariiig-out drops." One of these is 
sliown in Fig. 187. It diEFers in cmiatruction fi-om the line drop, 
in that it li:i.s only out- eore, wliit-li is considerably longer than 
those of the liiiu drop. l!y actual niejisurerneut, llie cores of the 
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line drop are an incli and a half long wliile that of the cleaiing- 
ont drop is 2J inches long. The niiigriptic coil is encased in an 
iron shell a, terminating at one end in a Bhoulder with lugs sliown 
at m and m'. From these Iwga is pivoted tlie ar- 
mature d. Two circular holes are cut into the 
armature, through which are brought the terminals 
of the coil, shown at o and o'. To prevent the , 
coil terminals making contact with the armature, "' 
these two holes aie hushed with haixl-ruhlier rings 
e and e'. ■ The face of the drop is shown at i, 
while the shutter is seen at c. The steel wire 
holding the shutter in position is shown at n. 
The catch at the end of this rod, called the arrow, 
is shown more clearly at a-, the face of tlie drop 
being shown at z and the shutter at y. Since 
these drops are always in tlie circuit, and since 
several of them are placed side by side, it is neces- 
sary to equip each one with an iron shell a to pre- f,„ i^_ 
vent cross talk by their mutual electro-magnetic 
induction. The action of tlic shell is to sliort circuit the lines of 
force, emanating from the coil SO that no field will be present in 
the surrounding space to affect the coils of the adjacent drops. 

The plugs which form the terminals of the cord cii-cuits, 
desei've notice. One of them is shown in Fig. 188. It consists 
of a hollow brass cylinder a turned down at one end into a shank. 
Placed inside of this is a hard-rubher sleeve e. Through the 
center of the sleeve is a steel l>olt b enlarged at one end a.s shown 




at d. Onto the opposite end is screwed a brass Ixill, called tlie 
tip and shown at /. Fitting over the brass cylinder is a fiber 

sleeve ff. One conductor of the cord circuit is coimeeted to the 
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tip of the plug by a screw fitting into the hole i; while the 
other conductor is connected to the shank by a screw fitting into 
the hole 8. It will be seen that the tip in completely insulated 
from the shank by means of the bard-rubber sleeve e. The fiber 
sleeve ff is provided to afford an insulated handle for the operator 
to take hold of. At x and ff are shown the spring contact and 
the ring of the JHck respectively, tlius illustrating the condition 
when the plug is introduced into the jack. 

In Fig. 189 is shown a flexible cord, which, as has been 
stated, forms part of the connecting circuit. It consists of two 
strands a and b, each made up of many fine copper threads so as 





Pig, 181. Fig. 192. 

to be very flexible. The straining cord is shown at ff. They are 
covered with two windings of cotton braid shown at c and d. 
Over the two is wound a brass spiral e, which protects the strands 
from mechanical injury, and yet retains the flexibility. Over 
this spiral are wound three layers of heavy cotton bi-aid shown at 
f. One end of the cord is shown entered into the plug, which, 
while it is of a somewhat diffeient design from that shown in Fig. 
1 88, yet retains tlie same essential features. The opposite end of 
the cord is sliown frayed out. In actual fact, each strand termi- 
nates in some form of tei'minal to enable it to be readily connected 
to and disconnected from the ends of the cord circuit wiring. 

One metliod of terminating the strands is shown in Fig. 190. 
It consists of soldering the ends of the two strands to two spirals 
made of brass wire and shown at a and b ; the soldering portions 
being shown at ?» and o. These spiral springs are quite flexible, 
and in iiddition form good electric;il contact. The method of 
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using them is shown in Fig. 191, when; a peculiarly shaped brass 
punching shown at i is screwed to the Ujipcr surface of the board 
c, called the cord gJielf. To the short lug of this puncliiug is 
soldered the wire of the connecting circuit. The long lug is per- 
forated by two holes through which is threaded the spiral, in the 
manner shown at a. The two punchings forming the terminals of 
the two sides of cord-circuit wiring are placed side by side on the 
cord shelf as shown in Fig. 192, the long lugs being shown at a 
and 6, and the [jortions of the spinils threaded through the holes 
at cc and dd. 
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TELEPHONE EXCHANGES.-<Continued.) 

Switchboard Cable and Switchboard Wire, It baa already 
been sliown that the lines are brought from without to the main 
distributing board either in lead-covered or braid -covered cables, 
and that they are brought across to the switchboard side of this 
piece of apparatns by cross -counecting wires. 

All lines running from the main distributing board to the 
switchboard, with the exception of those carrying the transmitter 
battery current, ringing current, and whatever other comparatively 
heavy current may be provided, are carried in what is known as a 
Sici'tc/'himi-il c«hh'. This cable is made up in various sizes, the 
number of pairs of conductors varying with the work required. 
For standard boards, the cable is made up of 20 pairs for working 
purposes, and one or two extnis called Kji're pircra, to be used in 
the event of the failure of any of the regular pairs. The wire used 
18 No. 23 B. & S. gauge, tinned; the insulation consists of a layer 
of silk thread wound over the wire, and a superimposed layer of 
cotton thread. This insulation is t^-chnically known as (JnuhJt 
»'ilk and ciitton. The jiairs are bound together by two layers of 
dry paper, over which is wrap])ed a layer of tin foil. Tlie outside 
coper consists of two layers of heavy cotton braid saturated with 
]K)wdered soapstone and painted. One conductor of each pair is 
covered with colored cotton thread while its uiate is white. 

Id all switchboard cables used by the Bell companies, and in 
those used by the large independent companies, a system of color- 
ing is maintained, to assist in distingni-'^hing the pairs. The 
arrangement of the colors is as follows : Blue, Orange, Green, 
Brown, Drab or Slate, Blue and White threads uiixed, Blue and 
Orange mixed. Blue and Green, Blue and Brown, Blue and Slate, 
Orange and AVhiti;, Orange and Green, Orange and Brown, Orange 
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and Slate, Green and White, Green and Brown, Green and Slate, 
Slate and White. The colors for the two extra, or spare, pairs are 
usually Ked and White, and Solid Red, These cables are oval in 
crosa-Bection, the longer diameter being about an inch, and the 
shorter about | inch. In order to make the proper connections, 
the cable must be fanned out or formed, aa it is called, and before 
this is done the location of tbe 
higa or terminals to which the 
wires are to be attached must 
be ktiown. 

In making a cable, the follow. 
ing points of information should 
be obtained, as shown in Fig. 
193. The distance between the 
highest and the lowest lugs; the 
distance from the surface od 
which the cable is to rest, to the 
line of lugs farthest removed, 
lu the illustration, the first dis- 
tance is that between tbe lines a 
and b; and the second distance, 
that between c and (7. To the 
sum of these two distances is 
added two inches, which gives 
the distance from the end of the 
cable to which the lead and braid 
covering is to be removed. This 
distance iacalled the'"BkimmiDg 
length". This having been done 
to expose the conductors, the 
edge of the braid covering is 
bound tightly with cotton tape as 
shown. This point is called the 
butt of tbe form. The opposite end a is called the tip. Wire 
nails about two inches in length are tnen driven into a board in a 
line, with a spacing equal to that Iwtween consecutive lugs. The 
nail heads should Ihs allowed to project about on© inch. The cable 
is then laid down on the board, with the stripped portion against 
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the nails, the bntt being one incli from the first nail. It is then 

eecurely held i[) place by two or three leather strips placed over the 

iinatripped portion and fastened 

with screws. There are two 

ways of forming a cable — one is 

to have the blue wire at the tip, 

and the other is to have it at the 

Imtt. Thislatterformisresorted 

to only for special purposes. 

Asauming the blue wire to 
l>e at the butt, the blue wire with 
its mate is drawn out, and bent 
around the tirst nail, as shown at 
Xo. 1, Fig. r.n. The orange 
wirewithitsmateia bent around 
nail No, 2;green around No. 3; 
brown around No. 4, etc., until 
all wires have been so treated. 
It should be noticed that if the 
form is to be that shown in Fig. 
193, and the spacing of the nails 
equal to that between consecutive 
lugs, ast^M', the blue wire will \te 
bent around the first nail, and 
the second around No, 2; the 
orange wire around No. 3 and 
its mate around No. 4, etc. The 
wires having been all thus treat- 
ed, the wires are held in position 
by a linen thread wound around 
the cable to bind it at the points 
where the wires bend at right 
angles. For this purpose, the 
best quality linen thread should 
Im use<], and it should be thor- 
oughly saturated with melted 
wax before using. 
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In Fig. 195 are shown two methods of winding on this thread. 
That at the top ia tlie better for giving a binding hold. The form 
having been thus eecurely bound tc^ether, a distance ia measured 
off along the wires from the line of nails at right angles to the 
cable, equal to the distance from the surface on which the cable is 
to rest to the line of lugs. In Fig, 194 this distance is shown be- 
tween the lines a h, and at this point the insulation is cleaned off 
each wire. In tlie case of the form shown in Fig. 193 two dis- 
tances must be measured alternately, first to the farthest line of 
Ings, and second, to the nearest line. The wire is cut off, one inch 
from the point where the insulation ends, to allow for working. 
The form is then saturated in melt^^d wax, in the same manner as 
that adopted in connection with paper cables. The form having 
been saturated, it is given a coat of shellac and allowed to dry. 



The cable is then ready for placing, and in so doing it is laid in 
place and securely held by pieces of leather, such as is used for 
belt lacing, placed around the form at intervals of about 15 inches 
and held to the wood by screws. The wires are then drawn through 
the lioles in the lugs, bent over sharply, and soldered. When the 
solder is cool, the free ends of the "wires are cut off close to the 
Ing, and the job is finished. 

In soldering, great care should be taken to have the soldering 
iron thorongbly heated. It should then be placed on the lug at 
the point where the wire passes through the hole, until the lug 
itself becomes hot enough to make the solder nin. 

Ill making a form for the end of the cable that ia to be con- 
nected to the jacks, the same method is adopted. The nails are 
driven in at intervals equal to tho spacing of the jacks as they are 
placed in the switchboard, and tho pairs are formed together. In 
wiring between the jacks and the drops, or bctweeTi any two points 
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not far removed, it ib often moat economical and convenient to 
make a cable out of switchboard wire. It is done as shown in Fig, 
196. The wire used is No. 22 B. & S. gaiii^e, double ailk and 
cotton insulation, two conductors twisted together to form a pair. 
The two conductors are distingiiiehed from one another by the 
different coloring of the insulation. In making a form of this 
kind, both ends must be done at the same time, and at each form 
two rows of nails must be driven in. These two rows at one end 
are denoted by the numbers 1 lo 5, for the inner row, and 1' to 5', 
for the outer. At the other end they are called by the oumbers 
1' to 5' for the inner and 1', to 5', for the outer. The distance be- 
tween the two rows is one inch in excess of a.b in Fig. 104. The 
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Fii;. 196. 
end of the twisted pair is wound around nail No. 1', so as to be 
held securely, and brought around Ko. 1, thence to No. 1' to 1',, 
to No. 2', to No. 2', to No. 2, to No. 2„ to No. 3, to No. 3, to No. 
3', to No. 3',, to No. 4',, to No. 4', to No. 4, to No. 4„ to No. 5„ 
to No. 5, to No. 5', ending at Uo. 5',. The form is then sewed' 
up in the manner already described, except that the sewing extends 
the whole length of the cable. By cutting the wire between nails 
2, and 3,, 4, and 5,, 1', and 2',, 3', and 4',, there renjains a made- 
up cable having 5 pairs. A cable of this kind can be made with 
a capacity of almost any number of pairs. It is seldom made, 
however, with a capacity larger than 20 jjaira. From this point 
the treatment of the cable is identical with th;it already described, 
Switcliboard cables, or cables made up of switchboard wire, 
should never be pliieed in duTup places, or wliere water is liable to 
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reach them. In small exchanges, the best method is to build a 
false floor upon the real one; the false floor being of snflicieiit 
height to accommodate beneath it all the cables necessary. Per- 
haps a safer method is to constrnct a galvanizetl sheet-iron dnct, 
made water-tight and placed beneath the floor. This need not be 
done, however, except when the exchange is damp, or where it is 
impossible to constrnct a false floor. 

In Fig. 197 is shown the end elevation of & standard section 
of switchboard. The framework 
is made of mahogany, the height 
over all being about 6 feet. The 
portion of the framework en- 
closed in the bracket a is called 
the_/ff''e i>f the b«"i'i], and on it 
are mounted the line drops i, 
tliB clearing out drops », and 
the jacks ". Of the horizontal 
portion that marked h is called 
the plug slu'lf. It is about six 
indies wide and covered with sole 
leather, shown by the shaded 
portion. It is drilled for two 
rows of holes throiiirh whicli the 
cords pass, and against the edges 
of which the pings rest when the 
cords are not in use. The two 
phiffs on the same end circuit are 
placed on a line; the one nearest 
the face of the board (usually re- 
ferred to as the tnixwcring jjhuj) 
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Pig. 197. 



is for answering calls; the one farthest from the face (referred to 
as the cuUiii-f/ 2>^"'.l) ia for calling subscribers. Tlie answering 
and calling plugs are placed on two lines parallel to the face of the 
board. The cords are shown by dotted lines at (j ij' and ?ih'. 
Each one passes through a pulley attached to a weight which 
ensures the ping returning to its position on the ping shelf. The 
two cord weights are shown at t and t. Tlie cords are shown 
attached to their respective fasteners 1 and 2 placed on the cord 
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flhelf. These fasteners are placed in two rows parallel to the face 
of- the board, one row for the answering and the other for the 
calling cords. The portion of the board if is called the keyboard, 
from the fact that the listening and ringing keys are mounted 
thereon. One listening key la shown at c, and a ringing key at^. 
The listening key is placed directly in front of the pair of corda to 
which it connects the operator's telephone circuit. The ringing 
keys are placed, one just to the right and one just to the left of 



the two plugs to whose circuit they are wired. The ringing keys 
and the listening keys are each placed in a line parallel to the face 
of the switchboard. The keyboard is hinged to the ping shelf at 
n BO that it can be raised to give access to the keys and wiring. 
It closes down on a wooden trough w. Tlie transmitter x is sus- 
pended by the two transmitter cords which form the circuit, and 
which are similar in constructiou to, but lighter than, the cords 
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used on the conneftiiifr circuits. Tlie cords run over two weighted 
pulleys, one of wbieli is shown at y. 

Fijf, lOS is the rear view of the same board, Near the bottom 
is seen the cord shelf with the two rows of cord fasteners to which 
the cords are attached. The cords 
are also seen passing through the 
cord shelf from below. Some of 
them are knotted — a practice 
resorted to when the coi-d is too 
long to keep the weights from 
striking against the floor when 
the plug falls into its seat on 
the plug shelf. 

A short distance above the 
cord shelf is seen the hard. nib- 
her jack panel. This panel is 
drilled for 120 jacks, but is 
equipped with only 80, The 
bottom row of vacant holes can 
be seen. The switchboard caliles 
carrying the lines rise on the 
right-hand side of the board, 
and bend horizontally to take the 
jacks, Tlie forms and the sew- 
ing are shown. The clearing- 
out drops are iu a row just above 
the line jacks. Tlu'se are 12 in 
iiuniber. The line drops are 
placed above the clearing-out 
drops. The board has a ca|)acity 
of 10 rows of 10 dro|»8 each, S 
rows only having been placed. 
Fig. HfJ.' The hand-made cable, rising 

from the jacks to the line drops, 
can l>eseenon the !ert.liiiu<l side. The coi-d circuit wiring from the 
cord fasteners is |)lawHl on the under side of the cord shelf, and 
is therefore invisilile. The hand-made culile from the keys to the 
clearing. out drons, rises iji tjie forward cornerof the left-hand side 
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of tlie li(mrd. In tlie ii|)[)t'r left-lminl coriitr is tlie ojifrator's 
" induction coil, and tlia wiriiiff to it is seen in tlie forvfjroiind on 
the left-hand side. Tlie tracisiiiittfr ciirdt? are iittauLfd to binding 
[K>8ts screwed to ttio roof of the 
hoards; and the transmitter 
forda with their weights. 

At the riglit-haiid side of 
the line-drop panel, and passing 
(town to the clearing-oiit drojis, 
is what is known as t/io iiiiji'f- 
Ml fircvit. It is of eoTiipar- 
atively heavy wire, and soIJitihI 
to luga opposite each row of 
drops. From these higs the 
fircnits are continued to srnall 
contacts placed on each drop 
just beneath the shutter, soth^it 
when a shutter falls tliia cir- 
cuit is closed, and a buzzer, 
which is wired in series, caused 
to sound. 

It sliould be observed that, 
though the switchboard is only 
partially equipped with jacks 
and droj»s, wiring has been 
placed for the acconiniodation 
of the full uuniljer of circuits. 
This is done as a measure of 
i-conoiny; if an increase in llie 
e<|uip]nent is desired at some 
future time, all that is neces- 
sary is to place the a<]dilion^il 
jacks and drops and soMer the 
connections. 

In Fig. lil'.t is shown a slightly modified form of this tyjw of 
board in wliicli tlie full length of the fritmcwork is seen. In iuldi- 
tion to the ap|)aratu3 already t^hown, the ringing current hand 
generator is seen on the left-hand side, lit Fig. '200 is shown the 
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same switchboard with the rear shutter id place. This shutter is 
provided to keep out the dust. 

The forma of switcliboarda already Bbown have a capacity of 
100 lines. This number is about all that one operator can handle. 
In fact, when the calling rate exceeds 4 calls per day per line, one 
operator cannot aucceasfully handle more than 80 lines. Therefore 
when more than 80 to 100 lines have to be brought into a switch- 
board, a new section must be placed beside the first, and the addi- 
tional lines connected thereto. Under these conditions, should a 
call from a subscriber, whose line terminates on one section, be 
received for a line which teriiiinatea on the other section, the opera- 
tor can easily complete the connection by reaching across to the 
required switchboard. 

Office Trunks. When it becomes necessary to place a third 
section of switchboard to handle the increased business, a new con- 
dition presents itself. Calling the first or original section A, the 
second B, and the one last installed C, it will be evident that the 
operator at A, can make connectiona between linea whoso jacks are 
on the A and B sections respectively, but cannot complete a con- 
nection between a line whose jack is on A section, and one whose 
jack is on C set^tion. The operator sitting at the B section can, 
however, coTnplete connections between any lines in her section,, 
and any other one in either A or C, The operator at the C section 
is similarly situated to the one at the A section, and her work is 
similarly limited. To sum up, each o[)erator, in addition to being 
able to complete connections between lines the terminals of which 
are on the board before which she aita, is also able to complete 
connections between linea, one of which has its terminal on her 
section, and the other on an adjacent aection. It mnst become 
evident that some means must be provided for the operators to 
complete connections between two linea, which under the present 
conditions are not accessible. If, for example, the operator sitting 
at the A section were provided with one or more circuits, running 
between her section and 0, then these circuits could be used to 
establish connections between the two boards. Thia is the method 
used iu overcoming this diiliculty. 

As has been stated, trunk lines are those running between 
two exchanges. It is necessary here to expand the term to include 
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liiiea joining non-adjacent Bections of switcliboard in the same 
exchange. This class of trunk is referred to &b ojjit'e trunk or 
KtrljqiiiKj trunk. With the office trunk, the number of B«ctioae of 
switchboard in an exchange can be increased indefinitely, as far ae 
the practicability of establlBhiug connections is concerned. There 
comes another limitation, however, which will be discussed later. 
These office or stripping trunks, when they were first introduced, 
were wired like a Bnbscriber line, with a drop placed on each one 
of the two BectionB that they connected, as shown in Fig. 201. A 
tnink wired in this manner can be used for calls in both directions. 
For example, should the operator at A receive a call for a sub- 
scriber whose line terminates at C, she would introduce her calling 
plug into the trunk jack, thereby cutting off the drop at that end, 
and ring down the drop at C. The operator at C, upon plugging, 
would cut off the drop at her end. The operator at A having in- 
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Fig. 201. 
formed the one at C of the connection required, the latter, leaving 
the answering plug in the trunk jack, introducee the plug of the 
calling cord into the jack on the called subscriber's line and rings 
in the usual manner, UjKin the called subscriber answering, a 
circuit is established through his lino to the operator's cord circuit 
at C, through this to the office trunk, thence through the cord cir- 
cuit at A to the calling subscril>er'8 line. Should the call originate 
at C, for a line terminating at A, the same process ia gone through, 
but in the opposite direction. 

In Fig. 202 is shown a complete connection established in 
this manner. The details can be readily followed. It will be seen 
that there are two clearing-out drops bridged across the circuit; 
one at the A section, and the other at the B section. This condi- 
tion is not desirable as it tends to cut down transmission, and 
therefore attempts were made to change the wiring of the office 
trunk. A further reason for desiring to make a change, was due 
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to the fact that the niiiiil>er of ealla that oan be handltsd on a trunk 
of this type ia limited; and th<^refore if the biisinesa is heavy, the 
number of siidt circuits will necessarily be excessiv^e. The cUaoge 
adopted was to divide the number of such trunks in two, using one 
half for handling calls from A to C, and the other half for calls 
from C to A. The drops were removed and the incoming end 
wired to cords and plut;B, The drops being removed, it was neces- 
sary to provide some other means of transmitting the information 
concerning the call, from one oj)erator to the other. To this end a 
special circuit called an tinier f/'/ri'it, order wire, or call circiiii 
was provided. ExjH-rience soon proved that it was advantageous 




to have two such circuits, one for transmitting information from 
A to (!, and the otlier for transmitting it from C to A. At the 
sending end, the ciit'uit is wired to a key, which acts in the same 
manner as the listening key. The other end is wired directly to 
the telephone circuit of the o|)erator, Thns by depressing the key 
at the sending end, the operator at that point puts herself into 
direct communication with the operator at the distant point. 

The trunks in each group are numbered from one up. At 
the sending end these nuniliers ai-e starnjted in the hard rubber 
beside the jack, and at the incoming cud, they are stamped in the 
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leather of the plug shelf directly in front of the trunk plug. Sup- 
pose that the operator at A has a call for a line teniiiiiatiiig on 0. 
After answering the enhscriber, she would depress the key of the 
order wire and say to the operator at C, "give me 250", that being 
the number of the called Bubscrlber's line. The operator on C 
would answer, "Take it on 1 ", 1 being the niinilwr on the trunk 
assigned, and takiug up the plug on trunk No. 1 would introduce 
it into the jack of the called Bubacriber'e lifie. The o[>erator at A, 
having received the assignment, introduces the plug of the calling 
cord into the jack of trunk No. 1, thus completing the circuit. 
Had the call come first to the operator at C, for a number on 




KiLJ fW to telephone circuit 
p'^'H^ of operator at C. 



the A section, she would depress her order-circuit key, connecting 
herself with the operator's circuit at A and say: "Give lue 15", 15 
heing the number called for. The operator A would then answer, 
"Take it on No. 1 ", No. 1 being the number of the trunk assigned 
and introduce the plug of that trunk into the called subscriber's 
jack. The operator at C would then plug with the calling cord 
into the jack on tnink No. 1, thus completing the circuit. 

It must be remembered that the order circuit nsed by the 
operator at A to transmit calls to C is separate and distinct from 
that used by the operator at to transmit to A. Also the set of 
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trunks used for completing connections from A to is separate 
and distinct from that used for completing connections from C 
to A, The No. 1 referred to in the first case is therefore not iden- 
tical with that referred to in the second. 

In Fig. 203 is shown a connection established between a sab- 
scriber's line on the A section and one on the section. Here, 
the trunk jack at A is wired without a drop, while at the C end, 
the trunk ends in a cord and plug which ie in the subscriber's 
jack. The order circuit key is shown at b; the normal contacts 
being bridged to the outer contacts of the listening key, while the 
outer contacts are wired to the telephone circuit of the operator 
at 0. Upon the completion of the conversation on a connection 
which is completed over a ring-down trunk, both the clearing-ont 
drop at A and O are thrown by the ring-off, so that both the opera- 
tors receive the signal signifying that the connection' is to be 
taken down. 

Where a circuit trunk is used, however, the operator at one 
end only, receives the ring-off signal, and the operator on whose 
section the trunk plug is situated receives no signal whatsoever 
when the connection is thus taken down. In order to prevent the 
trunk plug being left in the subscriber's jack, thereby preventing 
the subscriber from calling central, and also keeping the trnnk out 
of service, the operator upon taking down the connection, goes in 
on the order circuit again and orders the other operator to discon- 
nect the trunk. This system can be readily extended to take in 4, 
5, 6, 10, and more sections. When more than three sections exist, 
each section is equipped with a group of tmnks and an order 
circuit to every other section except the adjacent one. 

The number of sections that can be successfully handled with 
the above mentioned system depends upon another point which 
will he taken np directly, Reference to what has already been said, 
and to the circuits will show that every time a connection is handled 
over a trunk circuit, the work of two operators is required, which 
necessarily takes np more time than would be necessary if the work 
were done by one operator. When a connection is required be- 
tween two lines whose jacks are within reach of one operator, the 
time required is that of plugging into the calling jacks, ascertain- 
ing the number desired, and then plugging into the jack on the 
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lioe called for, ringing the aubseriber and waiting for liim to 
answer. When a call is tninked, the additional time taken is that 
necessary to reach the second operator, and to get her to make the 
assignment. If the second operator puts the trunk plug into the 
jack of the line called for at the same time that the lirst operator 
plugged into the trunk jack, no additional time would be taken up 
beyond that already noted. In actual fact there is always a little 
loss here, which further retards the completing of the connection. 
Again, the fact that npon the completion of the conversation, 
the trunk must be ordered to he cleared causes an additional delay. 
The operator whose duty it is to order the trunk cleared, may at 
that moment be busy attending to the wants of some other sub- 
Bcribers, so that the trunk will remain idle, together with the snb- 
seriber line into which it ia plugged. All of which tends to slow 
down the service. The result is that with this system an operator 
cannot handle as many lines as would be possible, were the necessity 
for trunking reduced to a miuimum or eliminated altogether. 



Fig. 201. 

However, before this point ia followed out in detail, it will be 
well to Consider the condition arising wlien an additional exchange 
is opened. If a call from a subscriber in one of the exchanges is 
sent for a subscriber in the other exchange, obviously, the connec- 
tion ranst be completed over a trunk between the two switch- 
boards. Since all operators are likely to have a connection of this 
sort, the trunks between the two exchanges must be within the 
reach of all the operators. A little thought will show that the 
trunks between exchanges must be of the ring-down type, because 
if they were of the circuit type, they could be used only on con- 
nections that lay within reach of the section ac which they termi. 
nated in cords and plugs. 

It might be urged that a group of trunks could be provided 
for each non-adjacent section of switchboard at the other office. 
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Tliis, however, would Ije too wasteful of trunks. It is advisable 
to divide the ring-dowa trim ks id to two groups: one for Bending 
calls from one exchange to the other, and the other for sending 
tliein in the reverse direc^tion. Each gronp of trunks should, at 
the sending end, be placed within reach of every operator and this 
is done by wiring them to Jacks placed in every alternate section 
as shown in Fig. 204, where the straight lines placed above the 
letters A, B, C, etc., denote the sections of switchboard. Two 
trunks will be seen wired to jacks placed at A, C, and E. The 
operator at B can reach the trunk jacks at A or C, and the one at 
D, can reach those at C or E, so that they are within reach of 
every operator in the office. 

At the incoming end, each trunk terminates in a jack and 



Fig. 2f6. 
drop, and these jacks with their accompanying drops are distributed 
evenly among the sections. The calls handled over these trunks, 
are dealt with in the same manner as described in connection with 
oHice trunks. Let an extreme case be taken. Suppose that a call 
originates in one office which shall be designated by No. 1 for a 
connection with a subscriber's line terminating in another excliange 
known as No. 2, the methiMl of completing it is shown in the 
following figure. 

In Fig, 205 is shown a connection established over a ring- 
down trunk between the two exchanges. The portion on the left. 
hand side of the dotted line re [i resents one exchange. No. 1, and 
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that on the right-hand side the other exchange, or No. 2, Assum- 
ing that the call originateB in exchange No. 1, the call is answered 
in the nsual manner, and the operator at No. 1 upon learning what 
is required, plugs with the calling cord into trunk jack a, placed 
on or adjacent to the st-etion at which she is sitting. The jacks 
denoted by h and a represunt those on the same trunks placed on 
the other section of the same exchange, as already descrilied. This 
trunk being rung on, the drop e at excbange No. 3 falls, and the 
operator sitting at the section upon which it is placed answers. 
Unlesa the number called for happens to be on the same section as 
the trunk jack and drop, this latter operator must make use of an 
office trunk to complete the connection. This is the condition 
■ shown in the figure, whcrey denotes the office trunk jack and g 
the plug of this trunk introduced into the subscriber jack. 

In putting through this connection, the order must be sent, 
first from the operator at exchange No. 1 to the operator at No. 2 
who answers the trunk. Second, from this operator to the other 
one in the same exchange who has access to the called subscriber's 
jack. This process entails a loss of time and slows down the 
service. Again, the condition of two clearing-out drops being 
bridged across the circuit is met with. 

Subdivided Multiple. To do away with the necessity for re- 
peating the call to a third operator, and also cutting out one clear- 
ing-out drop, a scheme was devised which is called a subdivided 
multiple. Some one section, nanally one of the two end sections, 
is set aside for a trunk section, and on it are placed a sufficient 
number ot jacks to have one connected to every line entering the 
exchange. When a trunk is called for from some other exchange, 
this operator answers it, and having the teriniiiaU of all the lines 
in the exchange within reach, is able to complete the connection 
herself. Tliis was the first step towards the iutrodactioD of a full 
multiple switchboard. 

Multiple Switchboard. The full multiple switchboard, or 
multiple Bwitchboard as it is more commonly called, does away 
altogether with the nse of the office trunks, and when the buBinesa 
is heavy enough it is the most economical system. For example, 
suppose that there are 1,000 lines to be handled in an exchange, 
and one operator is able to handle 100 only. With the standard 
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system 10 sections and 10 operators would be required. If a 
nialtiple switchboard be substituted, the time saved in doiDg away 
with the use of the stripping tratik will be sufficient to enable each 
operator to handle maybe 200 lines, thus cutting down the num- 
ber of operators necessary to handle the business by one half. 

The principle of the multiple switchboard is as follows: Each 
line is wired to a jack and drop, placed on the section at which the 
o[>erator site whose duty it ia to answer calls. This jack is called 
the answering jack. In addition to this jack, there appears in 
each section one additional jack, wired to this line. These latter 
are called multiple jacks, and are used by the operators in calling 
subscribers. 

Mnltiple switchboards are divided into two classes: Series 
and Bridging, Series and Switchboard. In the former, the Hue 
runs through the multiple and answering jacks in series. In Fig. 
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■Fig. 206. 



200 is shown a subscriber's line multipled through a series board. 
The sections are denoted by the nunilwrs 1, 2, 3, 4, etc., and are 
separated from one another by the dash lines. Tlie multiple jacks 
are shown at <i, />, f, f?. and c, one in eacli section ; and the answering 
jack and drop are shown nt/'and ff respectively. They are placed 
on the fifth section. It will be observed that the jack is of the 
same type as that already shown. One side of the lino is wired 
through the contact spring and the contact point of each jack in 
series, so that when a plug is introduced into any one of the jacks, 
the drop is cut off. Hence the name series. The two sides of the 
main distributing board are showu at " and m. 

In Fig, 207 is shown a connection established between two 
lines a and i, both of which are multipled iu sections 1, 2, 3, 4, 
and 5. The multiple jacks of the line ii are shown atj, ;!■, l, »«, 
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and w, and the answering jack and drop, at o and p respectively, 
OD the "5" section. The iiiultiple jacks on tlie line h are shown 



&~ 



at c, d, e,f, and y, with the answering jack and drop at h and / 
respectively, on the first section. The subscriber ou line « has 
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called and was aiiaweied by the operator at the "5"8ectioii by 
introducing the answering plug into tlie answering jack o, thereby 
cutting off tbo drop^j. The subBcriber on the line b waa called by 
the operator pushing the calling plug Into the multiple jack t/, 
thereby cutting off the drop i, and ringing. Had the call come in 
the reverse direction, that is, had the party ou line b called, the 
operator at section No. 1 would have answered by pushing her 
answering plug into the answering jack />, and calling the Bub- 
Bcriber on line a by going in with the calling plug at the multiple 
j&ckj, thereby cutting off the drop^>. 

It must be remembered tliat there may be anywhere from 
1,000 to 8,000 lines in the switchboard, all wired as those shown 
at a and h. It will be evident that with this system, connections 
can be established and cleared in much less time than where a 
second operator is necessary. Furthermore, the service receives an 
additional irapetas from the fact that the operators being relieved 
of the necessity of making trunked connections, have nothing else 
to do but to attend to the wants of the subscribers whose answer- 
ing jacks are placed before them. 

One feature, however, of this system is absent from the stand- 
ard board. Take the case shown in Fig. 207, Suppose that, while 
the conversation, is going on between the two parties on the lines 
a and b, a call comes in for either one of them from a line x whose 
answering jack is situated on section 3. Now the operator at 
section 3 not being able to see section B, and not having the time 
to look, if she were able to see, would complete the connection by 
plugging into the Jack ? or c as the case might be, thus connecting 
X with the two parties who are already talking. This condition 
would, of course, be very undesirable. 

To prevent this, sonje form of signal iiiust t>e given to the 
other operators that these two lines are in use. The signal used 
in this work is called Md i".vy tcii and is established in the follow- 
ing manner: First consider the operator's' cord circuit shown at 
section 5. It consists of the two plugs and cords, the two ringing 
and one listening keys, and the clearing-out drop; but the wiring 
is different from anything yet seen. The shanks of the plugs are 
connected through the middle and inner contacts on one side of 
each of the two ringing keys r and /■'. The listening key ( is of 
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special design and is eqtiipped with a special spring 1, which, when 
in the position Bhowii, makes connection with an inner contact 
point. This spring, although insulated from 2 and 3, is mechanic- 
ally connected to them, bo that when the key is depressed the con- 
tact is broken. Following the cord circuit from the tip of one plug 
to that of the other, it will be seen that after passing through the 
opposite side of the ringing key r it passes to the spring No. 1 of 
the listening key. Suppose this key depressed and the contacts at 
1, 2, and 3 broken in consequence, and that between 3 and 4 made. 
The spring 1 being wired, or strapped, to the spring 4, the circuit 
therefore follows this path to the spring 3, thence to the point 7, 
from whence it passes through the ringing key / to the tip of the 
plug at o. The clearing out drop is bridged across this circuit 
at 8 and 7. 

Snppose now the operator, in order to listen, adjusts her key 
as shown in the figure. The connection between 3 and 4 is broken 
and those between 3 and 6, 2 and 5, and 1 and 9 are made. Fol- 
lowing the circuit now from the shank of the plug to the point 8, 
it runs from there through the contacts 1 and 5 to one-half w' of 
the secondary coil winding. Thence through the operator's re- 
ceiver u to the other half w of the winding", to the condenser x, to 
the contacts 9 and 1, and back to the tip of the plug. A bridge 
is formed through the condenser x, and the contacts 6 and 3, the 
point 7 to the tip of the plug at o. Eeturning from the shank, 
the bridge is completed at 8. Thus the operator's circuit is bridged 
to both snbscribere. 

The coil of the operator's receiver is split, the middle point 
being carried to ground at q. Wired to the shank of each plug is 
a battery — one shown at s and the other at s', the circuits passing 
through a retardation coil, one of which is shown at v and the 
other at v'. When a plug is introduced into a jack, this battery 
is thrown on the rings of all the jacks on that lino. 

Under the condition shown in Fig, 207, the potential of the 
battery 2 would be thrown 00 the rings of the jacks o, n, m, I, I; 
and^V and that of the battery 5', on the rings of the jacks f/,_/',c,//,r', 
and h. The retardation coils r and /■' each consist of an electro- 
magnet with a soft-iron core, the coils having a resistance of 000 
ohms. Their action is to retard or choke ofE the talking current. 
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BO tliat traosiiiission will not be reduced or the line made noisy, 
wliile the direct current from the battery ia allowed to flow when- 
ever a path is offered. Bern em ben ng that every operator is 
equipped with cord circuits identical to that shown, snppose that 
the operator at section 2, for example, receives a call for the line a. 
By touching the tip of the calling plug to the ring of the jack, k, 
the following path will be afforded the current, which will be traced 
out on the cord circuit shown to save confusion by drawing another 
cord circuit on section 2. From the ring of the jack to the tip of 
the plug, thence through the ringing key to the spring 1, thence 
to 9, to the opposite side of the condenser a-, through w to the 
receiver u. Passing through one-half of the coil on u it goes to 
ground at y. Every time the tip of the plug is touched to the 
ring of the jack, a rush of current flows to ground through this 
circuit causing a "click" in the operator's receiver. The pres- 
ence of this click informs the operator that the line is busy. 

The connection being taken down, the battery potential is 
moved from the rings of the jacks, so that upon an operator touching 
the tip of a calling plug to any of them, no current flows through her 
receiver to ground, and consequently no " click " is heard. 

The condenser x, which has a capacity of 2 H.F., is needed 
for the following reason: When the operator testa for a busy 
line, the answering plug is always in some answering jack. There- 
fore when the tip of the calling plug is touched to the ring of the 
jack called for, the current would flow down to the condenser x, 
as described, and wanting its presence, some of it would pass 
through the listening key, ont on the line of the party calling. 
This would result in the aul»scriber getting an unpleasant noise in 
his ear, and in reducing the strength of the busy test by shunting 
too much current. 

The great disadvantage of the series multiple switchboard lies 
in the fact that on one side of the line there is a series contact at 
each jack, and the number of such contacts increases with the 
number of sections. In the series switchlward in use a short 
while ago at the Courtland St. exchange in New York, there were 
44 sections, and consequently 44 series contacts on one side of 
eacli line. The smallest amount of dust settling on these contacts 
gives them an appreciable resistance, which increases with the 
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number of jacks, and this reeiBtance is all thrown in on one side 
of the line. Tbe result is that the line becomes unbalanced and 
noiey. Furthermore, if the dust deposit is the least hit exagger- 
ated, as for example from sweeping the floor carelessly, the resist- 
ance at the contacts often becomes bo high as to render conversation 
impossible. A practical example will illustrate: In the Courfland 
St. exchange above referred to, the resistance between the first and 
the 44th section of that sideoftheline which passed through the jack 
contacts, was normally 13 ohme. At times it went as high as 50 
ohms, and even to an open circuit. To overcome this defect, the 
idea ■n'as conceived of bridging the multiple and answering jacks 
across the line, and this gave nee to the bridging multiple board. 
Bridging Switchboard. Id Fig. 208 is shown the wiring of 
a subscriber line passing through a bridging board. As before, 
the main distributing board is seen at a. At ^ is a new piece of 



Fig. 208. 

apparatus which came into use in connection with this type of 
switchboard, although it is also used with the series board. It is 
called the intermediate distributing board and its use will be 
described directly. There are five sections of switchboard denoted 
by the Koman numerals, and in each one is shown a multiple jack 
bridged to^the line. This jack is of a different design from that 
previously shown. Referring to the one shown in section I, it will 
be seen to be made up of three springs and two rings. Tlie 
springs are shown at r, </, and d', and the two rings at n and/". 
The spring e forms one of the contacts of the talking circuit, tiie 
other contact being the ring e. A battery n grounded at vi is con. 
nected to the spring d' on all the jacks; while the spring il is 
strapped to the outer riugy, and is connected to a third wire which, 
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for the multiple jacks, runs to the contact 3 on the intermediate 
distributing board, and for the answering jack g which is shown 
on the third section it is run to the contact 3'. The contacts 3 
and 3', 2 and 2', and 1 and 1' are croaa-conneeted as shown. Tlie 
drop is shown at /', and is of a special design introduced with this 
type of switchboard. 

The drops shown in connection with the standard and series 
multiple boards, are so constructed that the shutters, upon being 
rung down, must be restored by hand. This work naturally takes 
up a large perceot^e of the operator's time and also necessitates 
the placing of the drops in such a manner that they shall beVithin 
easy reach. In the design of the drop used in connection with 
bridging boards two points are brought out: 

First, ttie drop beiug penuanently bridged across the Hue, like the 
ctearlug-out drop, must be of high 
Inipedauce aud proof against cros» 
talk. To this end it is wound to a 
reBJBtaiice of 000 ohma aad ia tu- 
caeed in an Iron shell. 

Second, the drop must be so con- 
structed that it win be restored by 
the lutroduclug of the plug of the 
operator's cord circuit either into the 
multiple or the auswerlug jacks. 
To accomplish this, a second coil is wouud around the surface 
of a second core, which, wheu energized, attracts the armature, 
which acts as the drop back to its original position. In Fig. 209 
is shown this style of drop in section. The cores are shown at a 
and «' and are of the usual form, covered with the insulating 
material i. The line coil or that which is bridged to the line, and 
operates to throw the drop, is shown at c. The armature actuated 
by this coil is shown at/*, and is pivoted at the top in the usual 
manner. Attached to this is the stiff wire with the catch ff. The 
second armature, which acta as the drop, is shown at <•, and is piv. 
oted at tlie bottom. A stop is provided so that it cannot fall 
through a greater angle than that shown. The second, or restoring 
coil, is shown at </, it being separated from the line coil by a par- 
tition. It is wound to have a resistance of about 60 ohms. Both 
the armatures e aud / have a hollow depression in the center into 
which fits the end of the core, when they are drawn close up 
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against the magnets. The catch is of a peculiar design, having a 
notch into which fits the upper edge of the armature e when the 
latter is restored. The einaller projection in the rear of the notch 
keeps the armature from being attracted any nearer to the core, 
which would result in its failing to fall by gravity when released. 
The terminals of the two coils are bronght out through holes y in 
the armature. 

Fig. 210 shows the general appearance of the drop. Here 
the armature/" is shown in the foreground, with the four hard- 
rubber-bushed holes for the coil terminals. Terminals Nos, 1 and 
2 are for the line coil and Nos. 3 and 4 for the restoring coil. The 
other armature or drop is shown at e. The line number is painted 
on this armature, and an aluminum shutter corresponding in size 
normally covers it. When the drop is rung down, this shutter 
swings up exposing the number, and falls into place again when 
the drop is restored. The drop 
is mounted on the plate x, which 
separates the two halves. Since 
these drops need not be placed 
within reach of the operator they 
are mounted over the multiple 
jacks. Turningagain toFig. 208 
it will be seen that the section of 
the drop enclosing the line coil is 
shown at J, while that enclosing 
the restoring coil is shown at o. 

Before going into the details of the design of the operator's 
cord circuits let us consider what would be the effect of introducing 
the plug into a jack after the drop has been rung down. Let the 
jack on section I be considered. Plugging into the jack, the tip, 
to which is connected one side of the talking circuit, makes contact 
with the spring c. The other side of the talking circuit is con- 
nected to the shank of the plug, and makes contact with the ring 
of the jack e. The shank is protected with a hard-rubber collar, 
80 that it will not make contact with the outer ring/. The ping 
is so constructed that, when in place, a brass ring makes contact 
between the springs d and (?', closing the circuit and allowing cur- 
rent from the battery ?( to flow from one to the other. When this 
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happens, the poteatial of the battery is thrown on the outer rings 
of all the jacka for the bufly teBt, and also from the answering jack 
through the restoring coil of the drop togronnd, thus restoring the 
drop. Analysis of the circuit will show that this action will take 
place, no matter in what jack the plug is placed. 

In Fig. 211 is shown the detail of the wiring of the operator's 
cord circuit. Tlie tip of the ping is shown at a. The brass ring 
to which no wire is connected, but which serves to close tlie con- 
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nection between the two jack springs, is seen at h. The shank of 
the plug is shown at c and the two hard-rubber rings insulating a 
from b and b from e, atyand e respectively. At d is seen the 
hard-rubber collar insulating the shank from the outer ring of the 
jack. Both plugs are identical. The listening key is shown at ^ 
and is of peculiar design; it consists of four springs 6, 5, 2, and 7. 
The springs 2 and 7 are electrically insulated, but mechanically 
connected by the hard-rubber block h. There are three contact 
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points 1, 3, and 4, Tlie springs 5 and 7 are bridged across the 
cord and the contact points 3 and 4 are connected to the operator's 
telephone circuit. One terminal of the line coil of the clearing- 
out drop, shown at i is connected to fi, while the other terminal ie 
connected to 7. One terminal of the restoring coil^' is connected 
to the spring 2, while the other terminal is grounded at l. 
Grounded battery K, is t«nnected to the contact point 1. 

Ill the pOBitioD shown, the operator is able to listen in. Sup- 
pose the key depressed, so that contact with the points 1, 3, and 4 
is broken, and contact made between the springs 5 and tt. The 
line coil of the clearing-out drop is now bridged across the cord. 
When, upon completion of the conversation it is rung down, the 
operator adjusts her key as shown, opening one side of the line 
coil, cutting in her telephone set, and by closing the contact be- 
tween the point X and the epring 2, throws the current from the 
battery K through the restoring co'i\J. The clearing. out drop is 
identical with the line drop in design and construction. 

The system just described is an improvement over the series 
switchboard, because it is perfectly balanced throughout, and the 
drops are self restoring. It gives excellent satisfaction for local 
work. The fact that the two line drops and the clearing-out drop 
are bridged across the line during conversation, tends to reduce the 
efficiency of transmission. On very long lines this reduction would 
be serious, and therefore the Long Distance Company cut the drop 
off by a special form of wiring which will be described later. 

Intermediate Distributing Board. It has already been said 
that the introduction of the bridging board brought into use the 
intermediate distributing board. It must be remembered that all 
lines entering a switchboard, are not equally busy. It may hapi>en 
that the operators on section I iind that the lines assigned to them 
are so busy that the calls can be handled with difficulty, if at all, 
while those assigned to the operators at section IV are not busy 
enough to make the operators Mork up to their full capacity. A 
remedy that su^ests itself as obvious, would be to transfer some 
of the answering jack circuits from section I to section IV. It 
must be remembered that in making this transfer, the call number 
cannot be changed, so that it cannot be made at the main dis- 
tributing board. What is wanted is to connect that row of multi- 
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pie jaoka to an answering jack and drop placed on eection IV. At 
the intermediate distributing board this change can be readily made 
by cross-connecting the given multiple wiring to, an answering 
jack and drop placed on the required section. 

The intermediate distributing board has also another use. 
Though the growth of the telephone business is steady, subscriberB 
often give up service from one cause or another. From an oper- 
ating standpoint, it is iiot good practice to use the call number of 
the disconnected line for a new subscriber within three months of 
the date of disconnection. A new connection being established, it 
is croBS-connected to a new set of multiple jacks, but by means of 
the intermediate board, the old answering jack can be used, and 
this particular oi^rator retain the same number of lines to handle 
as Bhe bad originally. 

In designing, the intermediate frame resembles the main dis- 
tributing frame, the difference being that no protecting apparatus 
is used. The multiple-jack wiring is connected to the horizontal 
side, while the answering-jack wiring is connected to tho vertical 
side. The cross -connecting wire used is triple-conductor twisted 
-wire, two conductors for the talking circuit, and the third for the 
busy test and restoring battery. 

TRUNKINQ. 

The subject of trunkiug has already been touched on in con- 
nection with standard and subdivided multiple boards. It will 
now be desirable, in connection with full multiple switchboards, to 
go into the subject rather more in detail. In connection with 
ring-down trunkB nothing additional need be said, as the multiple 
Bwitcbboard introduces no new features, so that the discussion 
will be given up entirely to circuit trunks. The following points 
are essential: 

lu operating wUb circuit trunks tlie following eveuta occur in oiden 
The subscriber operator having received a request fur a cuuuectiou uec«a- 
sitatlug the uxeof a truuk tuadlijtaut excliauge, puts berself iucomuiuui- 
cation witli the trunk operatur at tbe distant excbauge by meaua of the 
order circuit, and requests the iteslred couiiectlou ; or, to use techuical lau- 
guage, pauses the call. The trunk operator, having received the call, as- 
Nigus the trunk to be used and after testing the suljscriber line called for 
and finding It uot in use, plugs into it with the trunk plug. This lutenal 
in called that rmiuirml to put up the cunnvctiun. 
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Upon the completiou of the convereatlou, the eubscriber operator at 
the firetexchauKe withdraws the plug Trom the aueweriiig Jack, and aKaiu 
g<ihi)r in on the order circuit orders the trunk operator at the distant ex- 
change to withdraw the tniok plug from the called subHcrlber'a multiple 
jack or to clear the trunk as it is called. The trunk operator thereupon 
does as directed. The internal from the time that the conversation ia flu- 
tshed and the rlng-oir signal given, up to the time that the trunk Is cleared, 
la called the tirne required to clear the conneetinn. The first Interval Is 
shorter tlian the second and is almost a minimum; there is no possible 
way in which Its length can be materially reduced. 

The history of tmnk development is connec-ted with the de- 
velopment of the switchboard, bo that the trunks lirst considered 
will be those between two exchanges equipped with series boards. 

In order that the trunk operator may have no other class of 
business to handle, the trunk plugs are placed together at one end 
of the switchboard. The number of sections thus occupied will 
depend altogether on the number of trunks handled. In Fig. 213 
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is shown the wiring of a circuit trunk between two series switch- 
boards. One exchange is shown at B and the other at A. The 
multiple jacks are shown at 1, 2, 3, 4, and 6; one jack within 
reach of each operator. Tlie trunk jacks are placed in a group 
separate from those on the subscriber lines, and are called t^e out- 
going trunk multijile. In general, trunks used for completing 
connections from an exchange B to another exchange A are called, 
with reference to B, outgoing or sending trnnke; while those used 
for completing connections from another exchange are called in- 
coming tntnl-x. Thus the trunk shown in Fig. 212 with reference 
to B is an outgoing tmnk, and with reference to A, an incoming 
trunk. The plug in which the trunk ends at the incoming ex- 
tremity is shown at /"and is of the same type as that used on the 
subscriber's cord circuit. At n and y are shown the secondary and 
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primary windings of the trunk operator's induction coil, while the 
head teleplione is seen at t, one terminal of the coil being grounded 
at ff. For the opposite terminal of the receiver, runa a single con- 
ductor cord which terminatee in a plug '- The order wire is a 
grounded circuit running from the, trunk operator's head receiver 
to one of the outer springs on each one of the order wire keya K, 
K', K", etc. The other outside spring of these keys is grounded; 
the two inner springs of each key are wired to the subscriber oper- 
ator's telephone circuit as shown in Fig. 203, and at a, b, c, etc., in 
Fig. 212. The order wire is thus a grounded circuit. 

It should be observed at the outset that the trunk operator 
cannot commuQieate to the subscriber operator, unless the latter 
liaa his key depressed. Suppose a call comes in at the exchange 
B for a party whose line terminates at A, and that it is answered 
by the operator stationed at the jack 6. This operator after learn- 
ing the subscriber's wish depresses the order key K" and trans- 
mits the call to the trunk'operator at A. Before the latter puts 
up the connection, she must ascertain whether or not the sub- 
scriber line called for is busy. To do so she touches the ring of his 
multiple jack with the tip of the single plug i. As she does this 
she calls back to the subscriber operator at B the number of the 
trunk that she is going to use, the latter operator waiting with the 
key depressed for the receipt of this information. 

Assuming that the line called for is not busy, the trunk oper- 
ator plugs into it, and the subscriber operator at B rings. Ae has 
already been stated, the trunk operator is altogether unable to listen 
in on the connection, and mnst depend on the order coming over 
the order circuit as to when the trunk shall be cleared. The con- 
versation being completed, and the ring-off being received by the 
subscriber operator, she again goes in on the order circuit and 
directs the trunk operator to clear the trunk. 

While this method seems very simple, and while it seems 
that the trunk operator should be just as diligent iu clearing con- 
nections as she is putting them up, such is not the case. It must 
be remembered that at the instant when the subscriber operator 
comes in to order down a connection, another may come in to 
order one up. In fact, two or more operators may order up con- 
nections at the same instant. In such a case, the trunk operator 
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will always pay more attention to oi^ders to make connections tlian 
to those to clear. So tliat tlie trunk opei-ator often puts off clear! iig a 
connection until she has forgotten about it. In the meantime, the 
subscriber ojwrator at B, hae cleared that end of the connection bo 
that the called-for subBcriher is left connetrted to the trunk without 
any means of signaling either one of the exchanges. 

This condition has two results: First, the called subscriber 
cannot signal the e.xehange to get a connection, and, saeoiuJ, no- 
body can call him because the trunk plug being in his jack, his 
line will be reported busy. All this necessitates a second request 
from the subacrilwr operator to clear the trunk, which iiniltipHes 
the work done over the order wire, which tends to confuse the trunk 
operator and delay her work. 

It was found also that a grounded order wire was liable to 
become noisy, causing the transmission to become poor, and neces- 
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Fig. 213. 
sitating the repetition of orders over it, to the further detriment of 
the service. Two changes were made in the wiring, which are 
shown in Fig. 213. The first was to use a metallic order circuit 
as shown, the busy test being obtained for the trunk operator 
through her split receiver to ground at g. The second change con- 
sisted of wiring a drop a to the trunk at the outgoing end. This 
was called the sofety drop, and its use was calculated to prevent 
the called subscriber from being "hung up" on the trunk, by 
affording him a means of signaling in. This drop was wired in 
the usual manner, so that when the outgoing end of the trunk waa 
taken up it was cut off. 

The method of the operation was as follows: The subscribers 
having rung off and the connection having been cleared at tlie out- 
going office, if the trunk operator fails to clear the connection, the 
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c-allud Biibscrilver, upon ringing, will throw the safety drop, thereby 
attracting an ojwrator'B atteutJon. Tliia o[H;rator will ping into 
the trunk jack, learn the Biibscriber's wish, and going in on the 
order circuit again, order the trunk operator to clear the connection. 
While the scheme prevented the called subscriber from being 
indefinitely hung up, it did not reduce the work over the order cir- 
cuit, nor help out the trunk operator. To this latter end, a prac- 
tice was introduced about this time called t<:''t!ng down. It 
worked as foliowa: Inspection of the operator cord circuit shown 
in Fig. 207 reveals the fact that there is a battery on the shank of 
both plugs. Now when one of these plugs is placed into the trunk 
jack, this battery being thrown on the ring, current flows along one 
side of the trunk to the shank of the plug at the other oflice. 
Therefore, if the trunk operator touches the shank of the plug with 
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Fig. 211. 

the test plug /, a click will be heard in her receiver, due to this 
current flowing to ground through the split receiver. This " test " 
will be heard so long as the subscriber operator has a plug in the 
trunk jack. L'pon her clearing the connection, however, the cur- 
rent will be received and the test will disappear. 

To facilitate the clearing of trunk connections, the trunk 
operator was required to touch, from time to time, the shanks of 
the trunk pings upon connections, with the test plug, and to clear 
all that did not give the test. It being assumed that if the sub- 
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Bcriber operator had removed her plug, that the coaverBation was 
completed. While this scheme, together with the safety drop, 
reduced the chances of a subscriber being hung up, and therefore 
increased the efficiency of the trunks, it did not lessen the work of 
the trunk operator. In fact, it increased it, as she was compelled 
to be continually, when not otherwise occupied, reaching over the 
face of the board to test the trunk plugs. To overcome this diffi- 
culty, ttifit biiitoiisvem introduced. These consisted of brass but- 
tons about the size of a copper cent, placed on the plug shelf, each 
onedirectly infrontof the plug to which it is wired. One of these 
is shown at <?, Fig. 214. To teat down, the operator need only touch 
these buttons, which saved her the time and trouble of reachingall 
through the multiple, wherever the plugs happened to be. 
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Fig. 215, 

So far, the condition of the called-for subscriber's line being 
busy has not been considered. With the circuits heretofore de- 
scribed, if this condition obtained, the trunk operator would have 
to wait till the subscriber operator again came in on the circuit 
before she could be informed of the fact. To save this delay, the 
hnKij-lHi'-li was devised. It consists of a series of jacks placed 
within reach of all trunk operatois, and shown at 1, 2, 3, and 4. 
To these jacks is wired a small alternating-current machine shown 
at (/, giving a potential of 75 volts and having two lamps h and e 
in series, to reduce the current to the proper amount. If the 
trnnk operator finds the line called for to be busy, she plugs the 
trunk into the nearest of the busy-back jacks. The subscriber 
operator plugging into the trunks, hears the hum of the alternator, 
and knowing what is meant, reports hiixy to the calling subscriber. 

In oi-der to test the subscriber's lines, the trunk o[>erator had 
to make use of a third plug as has been shown. Now, the trunk 
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operator U ofteu buay with both hands, bo that to carry a test plug 
was a source of great inconvenience, and a material hindrance to 
her work. To overcome this defect, the trunks were so wired that 
the testing could be done with the trunk plug, as shown in Fig, 
215. The tip side of the trunk plug is wired to the middle spring 
of a key a. The same side of the trunk, coming from the other 
exchange, is connected to the outer spring 3 of the same key, and 
the inner contact point 2, to the operator's induction coil. With 
the key in the position shown, the test can be obtained through the 
tip of the plug. When the plug ie placed in the jack, the key is 
depressed, cutting off the circuit through the operator's receiver, 
and closing the trunk through the springs 1 and 3 of the key. 

This circuit represents the highest development of trunking 
between series switchboards. 
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Fig. 216. 



With the introduction of the bridging board, there came a 
^ change in the wiring of the trunks. Fig. 21(> shows the 
earliest form of trunk used with this system. It is wired at the 
outgoing end in the same manner as the subscriber line, the safety 
drop J taking the place of the line drop. This drop is slightly 
different in action from that used with^the series board. Here, 
when the subscriber operator pings into the trunk, current is sent 
through the restoring coil and the drop is sealed. Upon hinng 
cleared at the sending end, however, this current is removed, and 
the drop is free to be rung down. With this system, since no 
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battery is connected to the shank of the snbscriber operator's cord 
circuita, the scheme of testing down cannot be resorted to. It will 
be observed that a ringing key a is wired to the trunk cord, to 
enable the trunk operator to 

ring the called subscriber. llllll— ||i' 

In order to do away with ' 

the necessity of ordering the 
trunk to be cleared over the 
order wire, upon completion of 
the conversation, a scheme was 
brought out in connection with 
this form of trunk. It con- 
sisted of a (l/S'-'ii/)iei-t k/'i/h"!, 
placed at the incoming end, 
and so wired that it wonid give 
Dotice to the trunk operator 
automatically, upon the con- 
nection being taken down by 
the subscriber ojierator. 53 



The wiring of this signal 
as first introduced, is shown in 
Fig, 217. Here, the springs 
on the opposite side of the test- 
ing key are used. The out«r, 
No. 2, is wired to one side of 
the trunk, while the middle 

one, No. 1, is wired to one tcr- . . 

minal of the coil of a relay, ,2 

shown at <r, the other terminal J o 

being peruianently connected ,Ct 

to the opposite side of the line. J.^ 

This relay consists of an e!ee- sc») 

tromagnet of high impedance, 
with a pivoted armature c, 
which, when tlie relay ia ener- 
gized, is drawn np against a contact point (/, Since this relay is 
permanently bridg*^! across the trunk, and since several are likely 
to be mounted together, each one is encased in an iron shell to 
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prevent croea talk. Wired to the armature of this relay is a bat- 
tery, and to the contact point is connected a sttialL lamp b, the other 
terminal of which is grounded. At the outgoing eud is aoothet 
relay e, which is similar iu coustruction to the restoring end of a 
bridging drop. The armature^, to which is connected one ter. 
minal of a sinall 20-<rolt direct- current generator h, rests normally 
against the contact point (/, which is permanently connected to one 
side of the line. 

The method of using this trunk is as follows: When the 
truuk operator plugs into the subscriber jack, and adjusts the key 
to cut oft the test, the relay a is bridged across the line through 
the BpringB 1 and 2. The current from the direct-current machine 
A flows out over the trunk, through the armature /"and the con- 
tact fff and energizes the relay a. Its armature c, being drawn up 
against the contact '/, closes tlie battery circuit through the lamp, 
with the result that it is illuminated. 

Upon the subscriber operator plugging into the trunk jack, 
current is sent through the relay e and as a result the armature is 
drawn away from the contact y, cutting off the current from the 
machine A. This current failing, a ceases to be energized, its 
armature c falls away from the contact d, and the lamp b is ex- 
tinguished. At the completion of the conversation, the subscriber 
operator removes the plug from the trunk jack, with the result 
that current is cut off from the relay c, whose annatnre therefore 
falls against J/, thereby again cutting tlie current from h on the 
trunk. The relay a, therefore, again becomes energized, the lamp 
circuit closed, and the lamp lighted. The trunk operator, upon 
seeing the illumination, instantly clears the trunk without waiting 
for further orders. 

This device is by far the most useful ever invented for expe. 
diting the work of the trunk operator. By doing away with the 
necessity of ordering down connections, half the business was 
removed from the order wires, so that orders for connections could 
be transmitted with much greater dis^>atch and clearness, and the 
trunk operators having only orders to establish connections trans- 
mitted to them could listen with undivided attention, and therefore 
do better work. 
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One more change was neeesaaiy to bring the trunk wp to per- 
faction, as far as it could be obtained with the bridging- board 
system, and that was to save the trunk operator the time taken to 
adjust the testing key. This was accomplished by placing a relay 
on the trunk, the contacts of which would do automatically what 
those of the manual key did. The wiring of this trunk is shown 
in Fig, 218. Tlie manual key is replaced by a relay a which is 
wired to the brass ring of the trunk plug so that when it is pushed 
into the jack on the subscriber line, the current used for the busy 
test also flows through the coil of the relay, causing it to be ener- 
gized. The armature of this relay actuates two springs h and c\ 
to which it is rigidity attached. The armature is insulated from 
the two springs, and the two springs are insulated from one an. 



Fig. 219. 

other. The relay is equipped, with two inner contact points, 2 and 
8, and two outer onen, 1 and 4, so tliat in action it is identical with 
the manual key. The circuit passing through the operator's receiver 
lo give her the busy tost, is wired to contact 1, and the tip of the 
trunk plug, to the spring c. One terminal of the coil of the relay 
actuating the signal lamp, is connected to contact 3, The spring i 
is wired to the opposite side of the trunk and contact 4 is spare. 

The other terminal of relay '/ ia wired to the trunk at s. 
When the relay '/ is energized, the springs c and h are drawn away 
from tlie contacts 1 and 4 res]>ectively, and brought up against 
contacts 2 and 3. 

At the outgoing end, the trunk is wired In the same manner 
as that previously shown, except that the direct-current generator 
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III. givea a potential of 75 volte instead of 20, and two lamps 7^ and 
n are used for rediicijig the current to the ainount requisite to 
operate the relay d, which is about .08 ampere. 

It was found more convenient to use a higher potential, for 
by using lamps of proper resistance the system could be made to 
work on trunks varying greatly in length. The necessary resist- 
ance of the lamps will depend altogether on the resistance of the 
trunk on which they are used. 

The o^ieration of this trunk is the same as that preriouely 
described. When the trunk plug is pushed into the subscriber 
jack, the relay '( is energized and contacts are made between c and 
3, and h and 3, so that tlie tip side of the trunk is cut through, 
and the relay d bridged across. Current from the generator m 
energizes d, closing the lamp circuit and lighting the lamp. When 
the subscriber operator pings into the trunk, the relay at that end 
is energized, cutting off the current from the machine, causing d 
to " release ", thereby putting out the lamp. Ujion the subscriber 
operator clearing out, current from the machine m is again cut in, 
(/ is again energized, lighting the lamp, thus signaling the oper- 
ator to clear out. 

AUXILIARY APPARATUS. 

The auxiliary apparatus used in a telephone exchange can be 
classed under two headings. First, Power ApjMratiia ; second, 
ProU-ction Aj'jMirtitus. 

Power Apparatus. There are two kinds of power apparatus 
used: Dynamos or Dynamotors, and Batteries. Two classes of 
dynamos are used — direct and alternating. Tlie first-named type 
is employed to charge the storage batteries, and for operating the 
lamp signal on the tronks. The second type is provided to finish 
the ringing current and that for the busy-back jacks. The nature 
and size of the ringing-current machine de]>eud upon the size of 
the exchange and the volume of business handled. In small ex- 
changes equipjRKi with two or three standard boards, and in which 
the jnimU'r of Ciills handled is not as great as to re(juire the 0[)er. 
ator to put forth her utmost efforts, hand generators, similar to 
those used in telephone instruments, are employed. They are 
placed in the keyboard with the handle projecting through the 
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front of the troiigli, one being provided for each section. Where 
the number of sections is in excess of three, or where the business 
is heavy, some form of power generator must be installed. Where 
water power is available, tlie usual practice is to use a water motor 
belted to a small but powerful magneto generator; if there is no 
water power, a small electric motor is used, to which the generator 
is belted. 

One type of magneto generator is shown in Fig. 219. It is 
of the same general make-up as that used in the subscriber tele- 
phone. It is larger and more powerful, and differs in a few details: 




Fir. 219. Fig. 220. 

shaft, the other is connected to the shaft. There are two copper brunhea, 
one bears oii s and the other on the sliaft, from the two terminals a and b. 
Two oil cups c all^l d are provttied for liibrieallug Ilie beariuga. The oppo- 
site end of the shaft Is equtpped with a pulley e, over which is placed the 
belt. The Hat pulley in often replaced with a grooved one, for the accom- 
modation of a cyliiidrieal helt. The whole machine is mounted on a 
wooden base, upon which are placed the two line bhidinj^ posts m and in'. 
The armature of this tj-jm of the machhie is wound to give a potential of 
Trom 75 to 80 volts. 

In Fig. 2i?0 is shown a very cojnpact and convenient form of 
water motor for nso in small exchanges, it consists of a turbine 
encased in an iron cliti.mber ". To the shaft is attached a pulley i, 
the whole being snpjKirted on a stand c, through the center of 
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which paBsea tlie discharge pipe e. The supply pipe is shown at 
(/. Thia supply pipe terminates inside of the motor in a nozzle 
about jij inch in diameter, through which the water is forced, to 
impinge against the buckets of the wheel. 

' The discharge pipe ahould have a diameter of about 1^ inches 
and should run straight for a distance of 20 feet from ^he motor. 
This type of machine can t>e used successfully in localitiea where 
the water pressure is at least 40 pounds per aqnare inch. It runa 
noiselessly and requires very little attention. 



Fig. 221. . 

In Fig. 221 is shown one of the most approved types of in- 
duction motors need for oj>erating magneto generators. The motor 
ia shown at b. It is of the usual type of induction motor made to 
operate on single-phase alternating circuits. It is made self-start- 
ing t>y dividing the atator winding into two halves, one of which 
has a choke coil in series with it, and the other a non-inductive 
resistance. A. push button 'A monnted on top of the case, serves 
to make the necessary connections when starting, by simply depresa- 
ing it. The terminals are shown at 1 and 2. 

The magneto generator is shown at <i. and is monnted, together 
with the motor, on the same wooden Iwsec. Tiiis unit gives very 
good R'sulta and is used very extensively. 

Even when some form of power generator is used in smaller 
exchanges, hand generators are supplied to be u.se^l in the case of 
the failure af the former. In larger exchanges, motor generators 
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are used, and tiie motor end is wonnd for direct or alternating cnr- 
rent as tlie case may require. In Fig. 222 is gliown a motor gen-, 
erator used for charging storage batteries. It 13 built by the 
Crocker- Wheeler Co. and is self-contained and very compact. The 
motor eod (which in this case is direct enrrent) is shown in the 




Fig. 222. 



■onod, and the dynamo end, in the background. Tlie base 
of tlie machine forms the yoke, npon which are mounted the field 
coils. The pole pieces are at the top, one being shown at A. The 
starter la shown mounted on the side of the pole piece, and is con- 
trolled by the handle II, which actuates a contact moving between 
fournprightclips. The motor side ia wound to the potential of the 
mains on which it is to operate, and the dynamo aide delivers current 
at a potential slightly in excess of that of the battery it is to charge. 
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One very important point aiioiit a charging dynamo ia that it 
bLouW have an aiitoiiiatie cut-out, which ojwiia the circuit, when 
the current delivered by the dynamo falls tu'low a certain li.ved 
anioniit. This is to prevent the battery from discharging through 
the armature should the motor slow down or stop from failure of 
the current supply in the mains, A very ingenious form of cut- 
out is used in this type of uiachine. It is mounted on top of the 
pole pieces. The front pole piece A is hinged so as to swing out, 
and is held in place by the attractive force of the magnetic field. 
A. spiral spring S is secundy fastened to the back pole piece and 
rests against a block on the front one. When the strength of the 
magnetic field is of the proper a'mount, the tension of this spring 
is overcome and the pole piece held in ])lace. When the field ia 
in place, two brass c!ij)3 f/ and i' close the circuit to the battery, 
which is carried by the leails a «' through the back brass block c. 
Should the 6eld weaken sufficiently, so that the dynamo is unable 
to develop a potential sufficiently high to feed the batteries, the 
tension of the spring will then overcome the attractive force, A 
will be swung forwai-d, and the cii-cuit to the battery through the 
clips broken. 

Ringing-current machines are built according to the design 
shown, only there is no automatic cut-out present, and the dynamo 
side is wound for alternating current at a potential of 75 volts. 
The two commutators are shown at C and C, 

Batteries. Two types of batteries are used in telephone 
exchange work: Primary and Secondary or Storage. Tli© choice 
between the two dejwnds altogether upon the amount of current 
needed, the cost of cliarging, and the cost of the electrolyte and 
elements in' the case of the primary cell. In general, In small 
exchanges, consisting of three sections of standard board or less, 
primary cells are used, while in larger exchanges, storage cells 
find favor. 

Of the various ty[)es of primary batteries, either -gravity or 
Fiiller cells are used. The mainterjance of the former type is less 
iJian that of the latter; but, on the other liand, the cost of the 
former is greater than that of the latter. So that where a great 
number of cells are needetl, the Fuller batteries are used, and 
when a small number are recjuired the gravity cell comes into 
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play. Tlirtie gravity cells in series are placed on each operator's 
transmitter circuit, wliile two Fuller cells are nsiially deemed suffi- 
cient. The wire used for battery leads is No. 14 15. & S. gauge 
soft-drawn copper with rtibln'V insulation proti.'cti.'d by heavy 
braid. The eondnctors of a pair ai-e twisted together, so that a 
number of leads may be sewed up together in cable form without 
producing cross- talk. 

Mr. J. J. Carty, Chief Engineer of the New York Telephone 
Company, conceived the idea of feeding a bank of transmitters 
from one storage batti^ry. lie realized that on account of the ex- 



Fig. 223. 
ceedingly low internal resistance of this type of cell, no cross-talk 
would be produced by so doing. The i-eason was as follows: After 
two or more transnntters, eaeh taking normally .20 amperes, be 
connected to tlie same battery, the fluctuation in the internal fall 
of potential dne to the fluctuations in the current furnished to one 
transmitter upon its being talked into, is of infinitesimal amount 
owing to the very low internal resistance, so that the other trans- 
mitters are furnished with a steady current. This condition would 
he impossible with any form of primary cell. Two cells are re- 
quired in series, and the number of elements in each will depend 
upon the number of trans rTiitters to be fed- 
Fig, 223 shows the method of connecting up the batteries. 
The mains coming from the charging machine pass through two 
fuses a and b, and thence to two knife switches c and e'. Each of 
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thi'Be switches is equipped with tlireo pairs of toritacta 1, 2, 3, 4, 
5, and 0. The switch is pivoted to 3 and 4, The eharfjing leads 
are wired to 1 and 2, and the battery leads to 3 and 4. The trans- 
mitter leads are connected to 5 and 6. 

The switch e' is thrown into the position to charge the battery 
<r, the current passing from the contacts 1 to 3, and 2 to 4 through 
the battery, the transmitter leads l>eing at 5 and 0. The switch c 
is thrown into the position to discharfjo the battery '/into tlie trans- 
mitters, the current passing tliroii<;li the contacts 3 and 4 to 5 and 
and thence to tlie transmitter buB-liars ij and </. Tlie charging 
leads are 0[)en at 1 and 2. The trans- 
— i mitter leads are fused at c and f. The 

' bns-bara are made of copper rods, drilled 

and tapped for machine screws to hold 
tlie fuses for the various transmitter 
circuit;!. The wooden strips A and h' 
are placed on opposite sides of the bos- 
liars, eijuip^vcd with binding posts for 
llie accommodation of the fuses and the 
transmitter wires, the latter being showo 
_ _ at 1, 2, 3, 4, and 5. 

Fig. 22*. In connecting up the charging leads, 

the utmost precaution nuist lie taken to 
properly adjust the polarity, so that the positive lead of the charg- 
ing circuit will be connected to the positive pole of the battery. 
Avery convenient method of finding the positive pole of the charg- 
ing circuit is to dip the two terminals in a jar containing water 
made slightly acid or water into which has been thrown a pinch 
of salt. Tliis point is illustrated in Fig. 224 at a and h. Upon 
so doing, bubbles will be seen to rise from the two leads, but much 
faster from one than the other. The one from which tliey rise the 
faster is the negative lead. This experiment is rather dangerous 
and should be performed with great care. 

Another simple method, and one not attended with so much 
danger, is to allow current to flow tlirough the leads while an ordi- 
nary compass is held under one of them. The point to remember 
is that when a current flows over a magnetic needle from north to 
south, the north pole of the needle is deflected to the east. 
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The 8UC(;eBS of tlie Bcheiiie of feeding a bank of transmitters 
from a storage battery rests on the fact that tlie resistaDce of the 
leads to the bna-bars must be as small as possible. Therefore 
great care must be taken to make the leads as short as possible, 
and of sufficiently heavy wire. In general, it might be said that 
the battery should have a capacity of 50 amperes for small ex- 
changes, and the total resistance, including the battery to the bus- 
bars, should not be over .006 ohm. A great deal of troublesome 
cross-talk has been caused by overlooking this fact, in exchanges 
that are otherwise installed with the utmost care; and unless one 
is familiar with this point, such cross-talk \0 very difficult to locate. 

Protection Apparatus. This subject has already been touched 
on in connection with the main distributing board. It will now 
he necessary to go into it a little more in detail in connection with 
power wiring. Reference to Fig. 223 will show that fuses are 

Fig. 223. 

placed in the charging circuit, and in the discharge circuit to the 
bus-bars, and on each individual transmitter lead. The best plan 
to follow in exchange wiring is to place tha necessary knife 
switches, fuses, bus-bars, etc., on a slate power switchboard, upon 
which are mounted also an ammeter in the charging circuit, a 
voltmeter on the same circuit, and also one to measure the poten- 
tial of the battery. In Fig. 225 is shown the style of fuses used 
on the charging and discharging mains. It consists of a strap of 
fuse metal o attached at eitlier end to two copper lugs a and It. 
These copper lugs are slotted to fit over studs, and are held in 
place by nuts. The fuse metal is made of the requisite size to 
carry the current required. The type of fuse used on the U«ds to 
the transmitter bns-bars is shown in Fig. 226, and consists of a 
hollow cylindrical fiber tulte a fastened to two German-silver slips 
f/ and e, by two brass screws f/ and c. Through the center of the 
tube runs the fuse which is soldered at each end to tlie brass col- 
lars ?ff tt. The lugs are fastened to the power board by means of 
the screws s «'. 
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Switchboard Construction. Fig. 227 sIiowb the rear view 
of the iimhiple switchboard, in wliicli will be Been the con- 
atruction of the framework and the placing of the cable and the 
wiring. At A and E are shown the multiple cables for the sub- 
scribers' lines and the outgoing trunks. It will be seen that they 
rest upon a shelf running along the length of the board. The five 
bottom rows are for the outgoing trunks, and the remainder are 
for the subscriber lines. Unnning in a trough at C, are seen the 
answering jack cables whieh turn up at their respective sections 
they are formed out and take the answering jacks at D, D', and D". 
Just below these fonns is seen the wiring of the operator's circuits. 

It should be noticed that these switchboards are built in eec^ 
tions, each accommodating 3 operators. This is the usual con 
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Btrnction. Every multiple jack is within reach of every ojierator; 
the operator sitting in the center position, can reach everything 
on her own section, while the operators occupying the end posi- 
tions, can reach on the adjacent sections everything that is inac- 
cessible on their own. 

COMMON BATTERY SYSTEM. 

The desire to centralize power has permeated even the tele- 
phone practice, and within the past five or six years various sys- 
teins have been introduced with this end in view. It was supposed 
that if the batteries could be removed from the subscriber tele- 
jihones, the cost of their maintenance would be entirely wi|)ed out. 
If the batteries were all concentrated in the exchange, and the cur- 
rent fed out over the line during conversation, they could be 
maintained in belter sha|)e and at a lower cost than when scattered 
about the district at each subscriber station. Again, the current 
may be used for automatic signals which would accelerate the 
service. These considerations led to the development of the so- 
called rniiiiDini hiiiterif, or <\utnil vm-rijij systems that have come 
rapidly to the front in tiie [Wist tlinv years. 
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The earliest and simplest method for using a common bat- 
tery is shown in Fig. 228. Id this case, the receiver and trans- 
mitter of both subscriber instruments are connected in series with 
the battery a in the middle. Grounded circuits are used. This 
method of connecting up telephones is known as direct transmis- 
sion and operates as follows: Let the right-hand telephone be used 
for transmitting and the left-hand one for receiving. The trans- 
mitter e upon being spoken into will cause a variable current to 
flow over the line, and this passing through the receiver b will 
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reproduce the sound in the usual manner. Transmission is car- 
ried on in the opposite direction in the same manner. 

As baa already been pointed out, this direct transmission is 
not sensitive, because the resistance of the line forms too great a 
ratio to that of the transmitter. For short lines it does very well, 
but for general use it does not give good results. The operator's 
cord circuits have each an independent battery so that cross-talk 
may not result. 
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The Stone System. Probably the first Bysteiii deviswd 
whereby one common battery wae made to feed all the cord circuits 
was that devised by Stone. The plan of wiring is shown id Fig. 
229 where a and b represent the recttiver and transmitter at one 
station, and c and d those at the other. The battery g is connected 
across the line through the retardation coils e and J^. A metallic 
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circuit is used tbroughont. The action of this system is as follows: 
Current flows froin the positive pole of the battery g through 
the retardation coil e to the point o where it splits, one portion 
going through the receiver a and transmitter A back to o'; the 
other portion flowing from o through the receiver c and the trans- 
mitter d goes back to (>'. This current divides itself in proportion 
to the resistance of the two circuits. The retardation coils e aiid^ 
are wound with comparatively heavy wire, so that while tlie ohmic 
resistance is low the impedance is very high. As a result they 
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offer very little resistance to the flow of the direct current of .the 
battery, but entirely cLoke out the rapidly varying current pro- 
duced by talking. 

Since the current in the two branches divides itself in the in- 
verse ratio of the resistance of the two circuits, the flow of cur- 
rent through the retardation coils is practically constant. Tlie 
talkiiTg current flows around the circuit through the two receivers 
and transmitters. On short lines this system works well, giving 
better results than the one previouwly described. 
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It hae been said that tbie system renders it possible to use on© 
common battery for all the cord circuits, and that with the use of 
the retardation coils cross-talk is done away with. Tlie method in 
which this is accomplished is shown in Fig, 230, in which two con- 
nections each between two subscriber lines are shown. At a and 
h are shown the two retardation coils on one pair of cord circuits, 
and at c and d those on the other. To illustrate this action, let us 
suppose that conversation is being carried on over the other con- 
nection. As the transmitters are talked into, a variable current 
flows out from the battery over the circuit. It might seem at first 
sight that this current upon r^ching the polDts 1 and 2 would 




divide, part flowing through the lower connection. This is pre- 
vented by the retardation coils in the following manner: 

First, it has been shown that the variable talking current is 
nearly all confined to the circuits joining the two subscriber tele- 
phones, and that the current flow through the retardation coils is 
nearly obstructed. Whatever variable current does pass through 
these two coils would, upon reaching the points 1 and 2, have two 
paths, the one through the retardation coils c and d, and the other 
through the battery. The first possesses high induction, the sec- 
cond almost none, so that this variable current would all flow 
through the battery, thus preventing crosstalk, 

Hayes System. A modification of this system, gotten out 
by Mr. Ilammond V. Hayes, is shown in Fig. 231. Here the 
retardation coils of the Stone system are replaced by a repeating 
coil having four windings it, A, c, and (/. Suppose that station 
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No. 1 is transmittiDg to Btation !No. 2, a TarJable current will be 
set up throngh this statioD which will pass through the wiudiugs 
a and c of the repeating coil. In consequence, an alternating cur- 
rent will be induced in the windings h and d of the coil, which 
will flow through station No. 2, reproducing the sound. 

Should station 2 wish to transmit to station 1 by talking into 
the transmitter a variable current is set up through the windings 




h and (/ of the repeating coil, with the result that induced currents 
are set up in the windings <i and c, which reproduce the sound at 
the other end. The repeating coil thus acts as an indnction coil. 
When station 1 transmits to station 2, the windings a and c are 
the primary, and b and d the secondary. When transmission is 
carried on the other way the reverse is the case. 
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Fig. 232. 

With this system, as with the one previously described, a 
couinion battery is used on all the cord circuits, and cross-talk is 
kept out in much the same manner. This point will be illustrated 
by reference to Fig. 2ij~, in which two connections are again 
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shown. If conversation is being carried on over the upper connec- 
tion, tbe variable current, through what happens to be the primary 
winding, and the induced current, through what happens to be the 
secondary winding, ujKjn reaching the points 1 and 2, have a choice 
ot two paths, one through the battery and the other through the 
retardation coils in the lower circuit. The battery, however, hav- 
ing practically no self-induction, prevents any of this current from 
reaching the lower circuit and producing cross talk. This system 
gave better results than that invented by Stone, because the cur- 
rent from the battery is used only to feed the transmitter, the 




Fig. 233. 

repeating coil in the exchange acting Mku an induction coil. In 
other words, it is one step removed from direct transmission. 

The next step in the development of this system was to place 
an induction coil in each of the subscriber telephones, and to this 
end the Dean system was -introduced. The plan of wiring is 
shown in Fig. 2;!3. A grounded battery a is connected to the 
center point of a retardation coil S which is bridged across the 
line. A. second retardation coil c is placed at each subscriber sta- 
tion and from its center a connection is made to point No. 1 in 
the transmitter circuit of the telephone. _ Point Xo. 2 at the oppo- 
site side of this circuit is grounded. The current from the battery, 
upon reaching the middle point of the retardation coil i, splits, 
one half following one side of tbe line and theother half following 
the other aide. Upon reaching the subscriber station, these two 
halves flow through the retardation coil <; uniting at the middle 
point and flowing to point No, 1, Here the current again divides, 
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one half going tLrougb the primary winding of an induction coil, 
and the other half passing through the transmitter. They again 
unite at 2 and tlow to ground. 

It should be observed that the arrangement of the transmitter 
circuit is somewhat different from anything yet shown. Instead 
of the current flowing through the primary coil and transmitter in 
series, the one is shunted onto the other, which gives a more sen- 
sitive arrangement. The transmitter current flowing out over both 
sides of the line in parallel has no inductive effect, providing the 
resistances of the two sides of the circuit are equal. The talking 
current, induced in the secondary 
winding of the induction coil, flows 
over the line in the usual way, and 
on account of the high self induc- 
L tion, does not pass through the re- 

n t^j tardation coils. As far as trans- 

^ a mission isconcerned this is a better 

arrangement than any previously 
described. 

AUTOMATIC SIGNALS. 

I In addition to gaining the ad- 

vantages already mentioned in con- 
uection with the maintenance of the 
apparatus, the current from the 
common battery is made use of to 
operate automatic signals so that 
the service may be expedited by 
their greater reliability and quick- 
neas of action. The scheme adopted 
for working this automatic signal, is to provide a lamp bo wired to 
each subscriber line, that when the receiver is lifted from the hook 
at the subscriber station, it will be lighted. 

The plan first adopted was to equip each subscriber telephone 
with a bell, the resistance of whose coils was 6,000 ohms instead 
of the usual 1,000, The wiring was as shown in Fig. 234 in which 
a represents the bell coils having a resistance of 6,000 ohms, h the 
receiver, e the transmitter, and <l the hook switch. One side of 



H 



KIg. 234. 



,Googlc 



TELEPHONY 231 

the line raos through the retardation coil h to the common battery 
^,. while the other side passes through tlie lamp _/* and the contact 
point 1 of the jack e. The battery^ is continnally on the line, and 
current flows constantly through the bell coils. Ou account oE 
their high resistance, however, the volume of the current flow is 
not sufficient to illuminate the lamp. 

Upon the receiver being removed from the hook, the bell coils 
are shunted by the circuit through the hook switch, transmitter, 
and receiver, and the current flow is thereby sufficiently increased 
to light the lamp. As &r as the operator is concerned, this lamp 
answers the purpose of the drop, and upon seeing it light, she 
plugs into the jack to answer. When the plug enters the jack, 
the contact is broken between the upper jack spring 
and point 1, cutting off the portion of the circuit con- Ct 
taining the lamp and putting it out. lOOll — 

The talking battery is connected to the operator's 
cord circuits in a manner to be described later. The 
retardation coil h is need for preventing cross-talk. 
It must be remembered that the battery g is common 
to all lines, and while the resistance of the bell coils 
of one snbscriber telephone is sufficiently high to pre- 
vent an appreciable amount of current from flowing, Fig. 235. 
yet when several such hells are bridged to this battery, 
the resistance of the combined circuit is very much less, and as a 
result, a large leakage from the battery takes place. 

For example, suppose that there were 100 subscriber tele- 
phones bridged to one battery in an exchange, which figure is very 
small. If each hell had a resistance of 6,000 ohms, the combined 
resistance of the whole bridge would he 60 ohms, which would 
allow of a very serious drain on the cells. To overcome this 
defect, a condenser was made use of, and the wiring of the telephone 
was as shown in Fig. 235, in which a again represents the bell 
coils, h the receiver, c the transmitter,- and d the hook switch. At 
6 is shown a condenser which is cut in series with the hell coils. 
This condenser presedts an open circuit to the direct current from 
the battery, although it allows the alternating current from the 
ringing machine to pass through readily. 
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With this style of wiring, while the receiver is on the hook 
there is absolutely no current passing through the telephone, so 
that there is no drain upon the battery. 

The telephone wiring shown thus far, included no induction 
coil. A further step was necessary to provide for this piece of 
apparatus. When this was done, the instrument was brought to 
its present condition. The plan of the wiring of the fully developed 
common battery telephone is shown in Fig. 236, As in the other 
form, the bell </, wound to tlie usual resistance of 1,000 ohms, is 
bridged across the line in series with the condenser g whose capacity 
is 2 M.F. Connected to the No. 1 side of the line 
is one terminal of the primary winding e of the in- 
ductioncoil, while the other terminal of this coil is 
connected to the contact point. The transmitter c 
is connected to the hook switch and to the No. 2 
side of the line. The secondary winding d of the 
induction coil has one terminal connected to the 
contact point and the other to one termin&l of the 
receiver h. The other terminal of the receiver is 
connected between the bell a and the condenser <j. 
Tile action of this telephone is aa follows: The 
receiver being on the hook switch, the line is open 
through the condenser to the direct battery current, 
but the alternating ringing current can readily pass 
through so that the eubscriber can be rung in the 
Fig. i'Mi. usual manner. When the subscriber removes the 

telephone from the hook switch, a circuit is formed 
from tlie No. 1 side of the line through the primary winding of the 
induction coil to the hook switch, thence through the transmitter to 
the No. 2 side of the line. W^hen the transmitter is spoken into, 
a variable current flows over the line from the battery in the ex- 
change, passing through the primary winding e. An alternating 
current is thereby induced in the secondary coil </, which flows 
through the receiver h, the condenser <j, the No. 2 side of the line, 
to the transmitter, through which it passes back to d. 

After much exjjeri men ting, the wiring of the subscriber's 
line shown in Fig, 237 has been adopted by the Bell companies as 
the best suited for general use. The subscriber telephone is shown 
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at the left-hand side, and the 
line is seen ranning between 
it and the main distributing 
tmmew. The multiple jacks 
are seen at a, h, and e, and 
the answering jack at </. So 
far, the arrangement is very 
similar to that of the bridg- 
ing board. The jack used 
here is of simpler design 
than that of the bridging 
board. Itis made upon two 
contact springs 1 and 2 and 
the ring 3. The contact 
spring 2, when the plug is in 
the jack, touches the tip. 
The spring 1 touches a brass 
ring on the plug, while its 
shank makes contact with 
the ring of the jack. The 
jacks are bridged across the 
line in the same manner as 
in the plain bridging system. 
The horizontal side of 
the intermediate distribut- 
ing board x x has three lugs 
7, 8, 9, and the vertical side 
is equipped with four, 7, 8, 

9, and 10. The two sides of 
the talking circuit are con- 
nected to lugs 7 and 8 on 
both sides of the board, while 
the wiring running from the 
ring of the jack is soldered 
to lug No. 9. 

On the vertical aide of 
the board is seen a fonrth lug 

10, to which ia connected a wire running from tiie line lamp 



,y Google 



234 TELEPHONY 

relays are seen. The one marked A ie koown as the cut-off relay; 
it haa one terminal of its coil connected to lug No. 9, and there- 
fore to the wire running from the rings of the jacks. The other 
terminal of this coil is grounded at m. Attached to the armature 
of this relay are two springs 1 and 2, which are insulated both 
from each other and from the armature. When the relay is not 
energized, these two springs mak^ contact with tlie two points 3 
and 4, to which are connected the two sides of the talking circuit, 
No. 4 being connected to that side of the line that touches the tip 
of the plug. Spring No. 1 is grounded at vi, while No. 2 is con- 
nected to one terminal of the line relay o. The other terminal of 
the coil of the relay is connected to the grounded battery/". This 
relay baa one armature 5 grounded at jn, and one contact point 6, 
which is connected to lug 10, and therefore to the wire running to 
the lamp e. 

The action of this circuit is as follows: When the receiver is 
on the book at the subscril>er station, the line is open through the 
condenser. Upon the receiver being removed from the hook and 
a path formed through the primary coil and transmitter, the cur- 
rent flows from the battery yin the direction indicated by the 
arrows. The line relay will therefore become energized and its 
armature 5 drawn against the contact point G. A second circuit 
is now formed from the battery / through the lan^p c to the lug 
10, to the contact point 6, to the armature 5, and to ground at m. 
The lamp becomes lighted. The subscriber operator upon seeing 
the lamp become illuminated, plugs into the answering jack d. 

For the present all that will be necessary to know is that on 
the shank of the plug is a battery and upon touching the ring of the 
jack, current flows along the wire to lug No. 9, thence through 
the coil of the cut-off relay A to ground at in. This relay being 
eriergized, the two springs are pulled away from their respective 
contacts, and the current Is cut off from the line. As a result, the 
relay o ceases to be energized, its armature 5 falls away from the con- 
tact 6, opening the circuit through the lamp e, and putting it out. 

We may sum up the conditions under which tins circuit works 
as follows: The potential of the common battery _/ is on the line 
constantly. Owing to the presence of the condenser in the bell 
circuit, however, no current flows. Directly the receiver is removed 
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from the book switch, current flows throngh the line relay to the 
subscriber telephone and back, lighting the line lamp and giving 
the operator the signal that attention is required. The operator, 
npoQ pining in to answer, energizes the cut-off relay which 
operates to disconnect the battery from the line, breaks the circuit 
through the line lamp and puts it out. 

The wiring of the operator's cord circuit should be understood 
next. The plan of the wiring is shown in Fig. 238, and the simi- 
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Fig. 238. 

larity will at once be seen between this arrangement and that of 
the outline circuit shown in Fig. 231. A repeating coil having 
four windings ia connected to the common battery as shown. The 
windings 1 and 2 are connected to the calling plug a, those marked 
3 and 4 are connecttni to the plug b. The common battery (one 
side being grounded) is connected to the junction between 1 and 
3 and 2 and 4. Wired in series with the side of the cord circuit 
leading to the ring of the plug are two relays tl and d'. From the 
point VI two battery leads run, one to each of the two lamps e- and 
/. In series with these two lamps, and between them and the 
shank of the plug, are two German -silver resistances _/" and y. 
From the point o two leads run to the armatures /( and h' of the 
relays <l and iV, Two other resistances <j and </' have one terminal 
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cODnected to the contacts i and i' respectively, and the other ter- 
minals to y and y. The liBtening key is shown at k, and acts in 
the usaal way to bridge the operator cord circuit across the cord 
circuit. It will be observed that a condenser n is cut in between 
the receiver I and the secondary winding y. This is done to pre- 
vent the current from the battery c from flowing through the 
receiver when the operator listens in. The primary circuit con- 
tains in addition to the transmitter and receiver, a retardation coil 
u and a condenser s. It must be remembered that the battery c is 
common to the exchange, and furnishes all the current used; that 
on the line circuit, that on the cord circuits, and that on the oper- 
ator's transmitters. 

When the common battery system was introduced it was 
thought best to provide a separate battery for the line signals, a 
separate battery for the operator's transmitters, and a separate 
battery for the cord circuits. The potential used for the first was 
6 volts, that for the second was 4, and that for the cord circuits 
24. It was soon discovered that everything could be run off the 
24-volt circuit, so that this potential was adopted as standard for 
the common battery system. The proper understanding of this 
point is essential to the thorough comprehension of the subject. 

Heturning to the operator's transmitter circuit, the retardation 
tioii ii is placed in circuit to guard against cross-talk. Its resist- 
ance is about 100 ohms, which serves to reduce the current fur- 
nished to the transmitter, down to the proper amount. The con- 
denser s, having a capacity of 2 M.F., being bridged across the 
transmitter and primary coil, assists the retardation coil in keeping 
out cross-talk; for if any of the talking current from some other 
operator's set, should -leak past the retardation coil, it will be 
absorbed by the eoudenscr rather than pass through the transmitter 
and primary coil, which is possessed of high self-induction. 
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PART V. 



AUTOMATIC SIGNALS.-(Continued.) 

lietnrning to the cord circuit — it will be seen that current is 
fnrDished to both the answering and calling pings through the re- 
tardation coil. Following the wiring of the shank of the plug, it 
will be seen that, when the plug is inserted into the jack, current 
is sent from the battery through the lamp and resistance to the 
shank, thence through the shank wire to lug 9, Fig. 237. From 
this point it passes through the coil of the cut-off relay A to ground 
at 711 energizing the relay and cutting off the direct battery from 
the line. The resistance of the lamp, the coil in series, and the 
cut-off relay are so proportioned that sufficient current is allowed 
to flow to energize the relay and to light the lamp. When the re- 
lays d and d'. Fig. 238, are energized, their armatures are drawn 
up against the contact points, and shunt circuits, through g and (f, 
are placed on each lamp. These shunt resistances are so propor- 
tioned that the current flowing through the lamp is reduced suffi- 
ciently to prevent illumination. Using the 24-volt battery, the 
cut-off relay A is wound to a resistance of 30 ohms, and the series 
resistances f and f each have a resistance of 83| ohms. The 
lamps e and e' are designed to operate on a potential of 12 volts, 
BO that a resistance equal to their own must be placed in series, 
thus the combined resistance of the cut-off relay and caWforf 
is 113J ohms, which equals the resistance of the lamp. 

The resistance of the shunt coils g or <j' must be of the proper 

magnitude to reduce the current flow through the lamp to prevent 

it from being illuminated. When the shunt circuit is open the 

total resistance of the circuit on the shank is 113^ + H^^ = ^^'''■ 

24 
The E.M.F. being 24, the current flow — ^;j= = .105 amperes, 

which amount is sufficient to illuminate the lamp. This lamp will 
just glow very faintly with .OG ampere. 
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It has been found by ex|)eriiiient rather than tLe result of cal- 
culation that a shunt resistuuce of 40 ohms will sutticiently veducti 
the brilliancy of ths laiup to prwliice the desiri'd effect. Suppose 
the resistance of the shunt coil to be 40 ohms, and suppose its cir- 
cuit to be closed. The total resistance of the shank circuit will 
theu become 

30 + S8i + ^ == 143 ohms. 

ITii| + 40 

Tlie total flow of current in this circuit will be given by the 

. 2i 
e;(pres8iou :j-j-t; = .17 ampere. 

Tlie current will divide itself between the lamp and shunt resist- 
ance ill inverse ratio to the two resistances, or as 40 : 113, which 
proportion gives a current flow of .00 amperes, which is sufficient 
for the purpose. 

The relays d and d' deserve special mention. Since they are 
both placed in the talking circuit, some device must be used for 
rendering them as feeble a barrier to transmission as possible. 
They must also be proof against cross-talk. The first point is 
accomplished by providing each relay with two windings — one hav- 
ing a resistance of 10 ohms and being wound inductively, the 
other having a resistance of 100 ohms and being wound non-induct- 
ively. TLe direct current from the battery selects the low resist- 
ance inductive path of 10 ohms, because this current sets up little 
or no counter E.M.F. of self-induction. Tlie talking current 
which is alternating, and therefore capable of setting up a counter 
E.M.F., chooses the high resistance non-inductive path. 

HANDLING A CONNECTION. 

Before giving a more thorough explanation of the manner in 
which transmission is carried on over this circuit, it will be neces- 
sary to explain the method of haudling a connection. This will 
be done by reference to Fig. 239. Suppose a and b to be two sub- 
scribers' telephones. The multiple jacks connected to a'a line 
being shown aty, ff, and /, and the answering jack and line lamp at 
(' and )' res j>ect ively. The multiple jacks on J's line are shown at j, 
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k, and I, and the answering jack and line lamp at m and n respec- 
tively. Suppose that a, desiring to call, raises the receiver from 
the hook, thereby lighting the line lamp i id the manner already 
shown. The operator, sitting before the answering jack, pings in- 
to the answering plug with the result that current is sent through 
the shank wire of the plug to the ring of the jack, and thence 
through the cut-off relay «' to ground, thereby cutting off direct 
battery and putting out the line lamp. The receiver being off the 
hook at (I, current flows out on the line through the windings 1 
and 2 of the repeating coil. Therefore, the Biiperviaory relay o is 
energized and the shunt circuit being closed, the lamp^ does not 
glow. At this stage, the subscriber's transmitter ia fed by current 
sent out through the repeating coil, direct battery is cut off the 
line, the line lamp circuit is opened, and the supervisory lamp 
shunted out. 

Suppose that the call is for subscriber h. The calling plug is 
pushed into the multiple jacky of S's line and the ringing key de- 
pressed. The coudition shown id the illustration is that existing 
before b has removed the receiver from the hook switch to answer. 
The calling plug being in the jack_;, the cut-off relay c is energized, 
and the direct battery cut off the line. The receiver at b being on 
the hook, the line ia open at the condenser, so that no current flows 
through the supervisory relay «'. Therefore, the shunt around the 
tamp^' is opened and the lamp illuminated. Directly b removes 
the receiver from the hook to answer, the line ia closed through the 
primary coil and transmitter, current flows from the battery, 
through the windings 3 and 4 of the repeating coil to the tele- 
phone, the relay '/ is energized, with the result that the shunt 
arouud j>' is closed, and p' dimmed And this is the state of things 
during conversation. 

At the completion of the conversation, both telephones are 
hung up, and both lines again opened. Current therefore ceases 
to flow through o and '/, and as a result, the shunt circuits arouud 
^ and ^>' are o|)ened, and both lamps become illuminated. Upon 
seeing this the operator instantly clears the connection. 

It will be observed that these supervisory signals are much 
more efficient than the ring-off drop since they are independent 
and automatic. The clearing-out drop necessitates the additional 
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work on the part of the BubBcriber of the ringing, upon the coin- 
pletioD of the conrersation, a tiling which took time and was often 
forgotten, and when forgotten the operator either left the connec. 
tion up or was put to the necessity of listening in to find out 
whether or not conversation was going on. With the signal sys- 
tem juat shown the case is different. The proper operation of the 
signals depends only upon the act of hanging up the receiver, a 
thing not so likely to be forgotten as the additional work of ring- 
ing off. While subscribers do sometimes forget to hang np, it is 
not probable that both will forget to do so, and since the super- 
vieory signals work independently, the action of one subscriber 
hanging up, lights the signal on bis side of the cord circuit. The 
operator seeing this would clear the connection. 

The connection being cleared, the cut-off relays are released, 
direct battery is thrown in on the line, and the original condition 
is again established. In Fig. 239 the ringing current generator 
is not shown wired to the key for the sake of clearness. 

It will now he time to say a word more on the subject of the 
method of transiuiesion. Suppose the subscriber at a to be tranB- 
mitting to the party at b. In speaking into the transmitter, a 
variable current is made to flow from the common battery through 
the windings 1 and 2 of the repeating coil, over the line to and 
through the primary coil and transmitter at the telephone. This 
variable current does two things. At the telephone end, it sets up 
a talking current in the secondary winding of the induction coil, 
which flows through the receiver, condenser, transmitter and back 
to the coil again. This is side tone. At the repeating coil, this 
variable current sets up a talking current in windings 3 and 4 
which flows over the other line — the receiver supposed to be off 
the hook — and passing through the primary winding, receiver 
secondary winding and condenser, reprodnces the sound. The 
windings 1 and 2 act as the primary of an induction coil, while 3 
and 4 act as the secondary. When b transmits to a, the action is 
the same but in the reverse order. The windings 3 and 4 then 
become the primary, and 1 and 2 the secondary. 

While the common battery system ia excellent for rapid 
service, and while it tends towards a better and cheaper mainten- 
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anct), tliti tr&iisiiiiBsion ia not so good a 
Bysteiti under the beet conditiotiB. 



that of the loc'al battery 




The line and cut-off relays 
are mounted upon a Beparat« 
rack, and the line lamp only is 
on the face of the board in addi- 
tion to the jack. The line lamps 
are mounted in the same strip 
with the answering jack, each 
lamp being directly below the 
jack to which it is attached. The 
sections, as is the case with all 
multiple boards, both series and 
bridging, are made to accommo- 
date three operator positions 
each. The supervisory relays 
and the 83^- and 40ohm resist- 
ance coils are mounted in the 
rear of the switchboard. The 
supervisory lamps ^ and^ etc., 
are mounted in the keyboard in 
two rows directly in front of the 
cords, 

Trunking. With the intro- 
duction of the common battery 
system came additional chan<^es 
in the truuking systems, which 
reduced the time of making and 
clearing a connection to a mini- 
mum. In Fig. 240 is shown 
the wiring of a trunk from a 
magneto switchboard to one 
operating nnder the common 
battery system. The magneto 
switchboard selected is of the 
bridging tyjie, but the method 
of operating is the same for the 
aeries board. At the outgoing 
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end igarel»y a wired in Bfriea with tlio buay-teat battery. To tbe 
twocontact apringa ia wired a retardation coil h of bigh impe- 
dance, and baving a resistance of tiOO obnis. Wben a plug ia 
inaerted into a jack thia retardation coil is bridged across tbe line. 
Its center point is gronnded at in. At tbe incoming end is tbe 
repeating coil witb tbe four windings 1, 2, 3, and 4. Tbe first 
two are strapped together, and tbe battery ia wired between tbe 
otber two. Tbe wire running to tbe shank of tbe trunk plug 
passes tbrougb a relay 'J and a lamp I'. Tbe upper spring of tbis 
relay is wired to tbe tip of the ping, while tbe lower spring is 
wired to tbe lamp I", the other terminal of wbicb is connected 
through a resistance h of 100 ohms to ground. Wired to one side 
of tbe battery ia the relay c, called tbe trunk-line relay, whose 
resistance is 25 ohms. Tbe other terminal of this relay is wired 
to tbe strap on the repeatiiig coil. 

The armature of tbe rehiy c ia wired to tbe Imttery, while the 
contact is wired through a 30-ohm coil i to tbe junction of I" and h. 
The inner contact for the lower spring of tbe relay d is wired to 
tbe battery, while tbe outer contact is wired through a 25-obm 
coil (f to ground. The relay i\ which ia of the same type as that 
on tbe operator's cord circuit shown in Fig. 239, bas tbe armature 
connected to tbe shank wire of the plug, and tlie contact, through 
a resistance k of 30 obma to tbe coi! of the relay/", a strap being 
extended to tbe left-band inner contact, Tlie left-band spring of 
tbe relay,/, ia wired to the battery through the resistance ;' of fiO 
ohms, and the rigbt-band inner contact is strappiKi across. Tbe 
right-hand 8[)ring ia connected to one terminal of the lainp^, tbe 
otber terminal of which ia wired to tbe shank of tbe plug. 

\t will be aeen at a glance that the upper spring of the relay 
d perforins the functions of an automatic testing key. The method 
of handling connectiona over thia trunk is tbe same as that already 
deacriljed. Tbe trunk ojierator having received tbe call in tbe 
usual way tests the line called for in the manner already described, 
and assuming tlie line not busy, plugs in. A circuit is instantly 
formed along the wire to tbe shank of tbe plug, thence through tbe 
cut-off relay on tbe called sniiscriber'a line to ground. The relay 
d is energized, the trunk closed through at tbe upper side, and 
current sent through tbe lain]) 1" and reaistance h to ground on tbe 
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lower side. The trunk operator rings the subBcriber. When the 
subscriber operator pliiga into the trnnk jack, the relay a is ener- 
gized and the grounded retardation coil h bridged across the lioe. 
Current then flows through the trunk line relay e aloog both sides 
of the trunk id parallel to the 
ground at in, energizing the ra- 
iny c and closing the armature 
against the contact. Directly 
this happens the resistance coil i 
ia connected iu shunt across the 
lamp I", making its illamiDation 
invisible, or "shunting it out", 
J as it is called. When the called 

")! _ subscriber removes the receiver 
-*~T*nr from the hook, current is sent 
*T out to him through the relay e 

energizing it and closing the 
armature against the contact, 
with the result that current ie 
sent through the resistance^ and 
the relay/" forming a shunt 
around the lamp /'. Thecurrent 
passing through J" energizes it 
and the two springs are closed 
against their respective contacts. 
On the left-hand side current 
passes through the resistance y, 
the contact and coil of the relay 
/, thus causing the coil _; to be 
shunted around I: Sufficient 
current is drawn from I' to 
shunt it out. The spring and 
contact close the circuit through 
the lamp // but this lamp is also 
shunted out by the same circuit. 
Upon the completion of the con- 
versation and the consequent hanging up of the receiver by the 
called party, the relay e ia released, its armature falls away from the 
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contact and the circuit tlirough k is opened. The relay _/", however, 
does not release because it ia locked tlirough its left-hand spring 
and contact, and the lamp I' still remains shunted out. The lamp /, 
however, beijig of a lower resistance than I', lights up the instant 
that the circuit through k is opened, and therefore serves aa a 
signal to the trunk operator that the called party has hung up. 

Upon the subscriber operator clearing the connection, the 
gronnd is taken off the outgoing end of the trunk, the trunk line 
relaycis therefore released, and the shunt through thecoili removed 
from the lamp /", which instantly lights up. Tlie trunk operator 
clears the connection either upon seeing the lamp ? or the lamp I" 
light up, according to instructions. As a usual thing the lamp 
/" is taken as the signal, which means that the trunk operator waita 
for the subscriber operator to clear out, before doing so herself. 
The lamp I" also serves as a guard lamp against cut-offs. 

Should the trunk operator through carelessness or other cause 
clear the trunk during the process of conversation, the lamp I" will 
instantly light up, because the connection being up at the outgoing 
office the ground iii, is still on the trunk, and the trunk line relay 
energized. The trunk plug being removed from the subscriber 
jack, the relay d is released, and the lower spring leaves the inner 
contact and touclit-s the outer one. A circuit is therefore formed 
through the resistance /, the lamp I" and the resistance ^ to ground. 
The coil h becomes a shunt on the lamp but its resistance is too 
high to shunt the lamp out. 

In Fig. 241 is shown a trunk between two common battery 
offices. It will be seen to be much simpler than the one previously 
shown. A condenser c is cut in between the windings 1 and 2 of 
the repeating coil. From the point 1 a wire extends to the con- 
tact on the supervisory relay (/, the spring of which is grounded. 
The trunk line relay e is wired to the point (/. With the exception 
of the ringing key, the rest of the wiring is the same as that already 
shown. The wiring of the ringing key is for what is known as 
Tnachine rtnyin/j. The ringing key is provided with a catch, 
which, when the key is depressed, holds the contacts in the position 
to allow the ringing current to flow over the line. Wired in series 
with the ringing machine is a magnetic clutch k which is so ad- 
justed that, when the called subscriber removes the receiver from 
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the hook to answer, it ie energized Bufficiently to trip the catch and 
cut off tbe ringing cnrrent. This arrangement saves a good deal 
of the trunk operator's time, and prevents ringing in the called sub- 
Bc fiber's ear. 

The bust feature of this circuit lies in the fact that by means 
of it the subscriber operator has her Bupervieory signal controlled 
by the called subscriber's book switch. Referring to the outgoing 
end of the trunk, the ring of the jack is wired to ground through 




a coil a liaving a resistance of 86 ohms, so that the shank circuit 
of the operator's cord circuit will be completed. A plug beiug 
inserted into the tnink jack, the supervisory lamp lights. The 
ring of the pl'ig sends current out through the jack spring o over 
one side of tlie trunk to tbe point $, and thence to the contact 
point of the supervisory relay <j. The tip of tbe plug, touching 
the jack spring ti puts a ground on it because it is connected to 
the gronnded side of the battery, and therefore a current flows 
through the trunk line relay e to the point d and thence over the 
opposite side of the trunk to ground through the tip of tbe phig 
The relay^and the lamp /" work exactly tbe same as shown in 
Fig. 240. The called party taking the receiver from the hook 
energizes the relay g, closing the spring against the contact. Cur- 
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rent now flows through the anpervisory relay on the subscriber 
operator's cord circuit to the jack spring n to the ground, ener^zing 
the relay and shunting out the lamp. When the called subscriber 
hangs up upon the completion of the conversation, the relay g is 
released, the ground taken off the contact, and therefore the circuit 
over which flowed the current through the subscriber operator's 
supervisory relay is broken. The shunt on the supervisory lamp 
being thus removed, the lamp lights, just as if the called sub- 
acriber's line had terminated in the same exchange as the calling 
line. This form of trunk circuit is the most efficient ever devised. 

There are three weak points about the common battery line 
and operator's cord circuits that have been shown so far, and 
they are: 

First, when tlie operator plugs in to answer a call the subscriber 
hears a painful ciick in the ear, caused by the direct battery being sud- 
denly cut off the line through the cut-off' relay. Becond, during couver- 
aatioa current is required to keep the cut-ofT relay energized. Third, the 
presence of a relay In the talking circuit 

In Fig, 242 is shown a very simple circuit which does away 
with the click in the ear npon the operator answering. In this 
circuit the battery is permanently connected to the subscnber lines 
through the relays a and a'. The armature of the relay rests nor- 
mally against the outer contact point, the inner contact being con- 
nected to the lamp '/, whose other terminal is connected to the 
grounded side of the battery, Tlie armature itself is connected to 
through the resistance h to the free aide of the battery. The tip 
and ring of the plug form the connections of the talking circuit, 
the two shanks being connected together through the lamps e and 
e", one aide of each being grounded. Two condeHaeray andy are 
cut into the talking circuit. 

Keferring to the left-hand line, when the subscriber removes 
the receiver from the hook switch current flows through the relay 
a. The armature is pulled against the inner contact, and current 
flows through the resistance h and the lamp d to ground. The 
lamp becomes illuminated. The operator plugging in to answer, 
throws a ground on the ringof the jack through the shank of the 
ping, which shunts the lamp e across the lamp d. The resistances 
apd current -carrying capacities of these two lamps are so propor- 
tioned that both are shunted out. 
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When the Bubecriber faanga ap, the relay a ceases to be ener- 
gized, the armature falls against the outer contact opening the 
circuit through the lamp d. The two coils c and h are connected 
tc^ther through the lamp e with the result that the latter lights 
aa the shunt has been removed. 

Since the battery is permanently connected to the line, the 
click in the ear is done away with, as is the presence of the relay 
in the talking circuit. The current passing through the two lamps 
in multiple is fully equal to that taken by the cut-off relay, so that 
no Baring is accomplished in this manner. This circuit provides 
no busy test as current is continually on the ring of the jack. It 
is consequently not suited for multiple switchboards 




Fig. 2i3. 



Another form of circuit Is shown in Fig. 243 which aims at 
reducing the amount of current used up in shunting out signals 
during conversation. As in the previous one, the battery is pet- 
manently connected to the line through a retardation coil. When 
the subscriber removes the receiver from the hook the relay a be- 
comes energized closing the lamp circuit I. Eeferring to the cord 
circuit, the talking contacts here are the tip and the shank and 
upon the plug being inserted into the jack, cnrrent;flows along the 
wire from the ring through the supervisory relay (7 to the tip of 
the plug and thence out on the line. The relay is energized, and the 
armature pulled away from the contact. The current through the 
relay a is so far shunted aa to cause it to release, and open the line 
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lamp circnit. When the Bubscriber hangs up, the relay d is 
releaBed, the annature falls agaiust the contact sod lights the sa- 
perviaory lamp, Thia circuit has some good featnres, hut it is 
very problematical whether or not it is more economical of current 
than' the one originally shown. In Fig. 244 is shown the general 
appearance of an exchange switchboard. The one shown is of the 
common battery type with a capacity of 5,400 lines. The girl seen 
standing up is called a siij)erv'H"r, and her duty is to see to it that 
the operators attend properly to their work and also to assist them 



Fig. 244. 
out of any diEGculty that they might get into from time to time. 
The chief oj>emitir sits at a desk and has direct charge of all the 
operators. The whole force is presided over by a manager. 

TOLL BOARDS. 

Long toll lines, upon which a mileage rate is charged, are 
handled over a special board placed in the most convenient ex- 
change. In cities having only one exchange, and in which the 
toll business is large, each exchange has a toll board. Toll boards 
are equipped, in addition to the toll line multiple and answering 
jacks, with a multiple of the outgoing trunks to other exchanges. 
For example, the toll board in the Conrtland St. exchange, for 
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handling calls to points in Jersey City and Long Island, is equipped 
in addition to tlio toll trniiks, ■with outgoing trunks to every otheL 
exchange in tho oity, and also with outgoing trunks to the local 
switchboard in the Courtland St, exchange. The calls for toll 
points are handled over what ia known as a recording circuit. This 
ia simply a sending order circuit from all the local exchanges to a 
special operator set aside to receive calls. The calls are written 
upon tickets, and passed to the toll operators for completion. The 
toll operator times and supervises eveiy connection. The method 
of procedure is as follows. Suppose that No. 76, 38th St. calls for 
No. 50 Paterson, N. J. The subscriber operator at 38th St. answer- 
ing the call would go in on the recording circuit, to the recording 
operator at the New Jersey toll board at Courtland St. and say ; 
No. 700, ySth St. wants No. 50 Paterson. Tlie recording oper- 
ator would note the facts on a slip and pass it to the toll operator 
handling the Paterson toll trunks. This operator would go in on 
the order circuit to the incoming trunk operator at 38th St. and 
order up No. 760. She would then go in on a Paterson trunk 
and having gotten the Paterson operator ask her for No, 56, This 
line having been plugged up the connection would be established. 
The conversation having been completed, the toll operator would 
disconnect the circuit trunk to 38th St. thus giving the trunk oper- 
ator there the signal to clear out, and she would ring on the Pater- 
son trunk, and when the Paterson operator answered, she would 
direct her to clear the connection. Long Distance connection 
being in substance, toll connections are handled in this manner. 
Toll Ixiards are used for two purposes. First, to establish 
connection between two toll trunks. Second, to establish connec- 
tion between a toll trunk and a subscriber's line. This type of 
switchboard, therefore, is equipped with two classes of trunks, viz,, 
toll trunks and trunks to local exchanges. The operator cord cir- 
cuits must be, therefore, of two classes. That suited for connect- 
ing two toll trunks, and that suited for connecting a toll trunk and 
a trunk to a local exchange. AVitli the magneto system, since both 
the toll trunks and those to the local exchanges are wired, sub- 
stantially in the same manner, one set of cord circuits will do tor 
both purposes. But with the introduction of the common battery 
system, where the wiring of the trunks to the local exchanges takes 
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a new form, a t'orreBponding change iimet be made in the wiring 
of a portion of the cord civcnite. Toll IxMirda are designed on the 
multiple ty[)e, hut differ in construct iun from the local switch- 
boards in the fact that the sections are built to accommodate only 
two operator positions instead of three. The reason for this change 
lies in the fact that greater ease is given to the operator thereby, 
to reach all the jacks in the multiple. With large multiples in 
use in the local switchboards this device cannot he resorted to on 
account of the extra expense. For example, suppose that a switch- 
board is equipped with 5,000 gnbscriber multiple jacks, and that 
the calling rate is such that only 50 answering jacks are assigned 

5.000_ 
®50"x 3 

which is approximately 34. The number of mnltiple jacks would 
be, therefore, 5,000 X 34 = 170,000. If now these sections were 
designed for two operators' positions instead of three each, the total 

number of sections needed would be .,." -s ^ 5*^ and the total 

60 X 2 

number of Bubscnber multiple jacks would become 5,000 x 50 = 
250,000 or an increase of 80,000 jacks. Assuming the cost of a 
jack to be |0,25 the increase in cost due to this change would be 
80,000 X .25 = $20,000.00, which would be nmch in excess of 
the money saved from better operating. 

With the toll board the case is different. Here the multiple, 
counting the toll tninks and those to local exchanges seldom 
reaches 700 jacks, so tliat the extra cost of the jacks is not of 
BO much importance. Again, since in the case of connections over 
toll trunks a rate is charged which is in proportion to the length 
of the trunk used, and the length of time dnring which the 
conversation is carried on, the return to the comjMiny in money is 
higher per call, than in the case when the connection is handled 
exclusively over a local board. A toll connection requires more 
time to establish, for reasons that will he seen directly, than a 
local connet^tion. The above two facts make it necessary to give 
the toll operators every advantage. 

The trunks to local exchanges are of the same type as 
those in the local board, and are wired in the same general 
way. The toll board is situated in the same room, or at any 
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mte, in the same bailding with one of the local awitcliboards. 
Fur example, the toll board for handling the toll lines to the 
Bubarbs of Philadelphia and Bnrroiinding towne, is situated id 
the same building as the local exchange known as No. 2. The 
toll board for handling the toll trunks to the northern suburbs 
of New York, throughout the district known as the Bronx, and 
the outlying tuwnci, is situated in the same building as the local 
switchboard kiiown as llelrose. The outgoing trunk multiple 
of the toll board is made up of an extension of the outgoing 
trunk multiple of the local board, and in addition, a set of 
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Fig. 245. 

trunks to one of the incoming trunk jwsitionB of the local board 
in the building iu which it is situated. Thus, at Melrose, theout- 
going trunk multiple in the local board is extended through the 
toll board, and in addition there iB a set of trunks to the local 
board at Melrose. The toll board is thus equipped with trunks to 
each one of the local exchanges. These trunks are either circuit 
or ring-down as the case may be. 

Id Fig. 245 is shown the wiring of a ring-down trunk, 
the jacks in the local board being shown At a li c and d, and 
those in the toll board at a' b' c and </'. The lugs on the 
intermediate distributing board are shown at f and f, and the 
reikjating coil at e. In the toll board each multiple jack is 
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iiccoiiipaiiied witli an aiitoiniitic sifrrial called a hifij vimtul. 
Tliia eignal ie of the magnetic type, to the armature of which 
is attached a light aluniiiuim ehiitter which, when the coil is 
enerpzed, is pulled over the face of the magnet so as to be in 
plain view of the operator. When a ping is inserted in a jack, 
either on the local or toll board, the relay (j is energized, and its 
armature drawn against the contact point. Current then Sows 
from the battery /(, through the coila of the busy visuals in seriee, 
energizing them and making the shutters show busy. By tliia 
itieans the toll operators are relieved of the necessity of testing the 
trunks to find one that is not in use, which tends to save time. 



Fig. 246. 

In Fig. 240 is shown the wiring of a circuit trunk, the jacks 
in the local board being shown as before &i ah e and (/, and those 
in the toll board at «' V c and <V. The 36 ohm coil is shown at e. 
In this case, the multiple through the toll board consists merely 
of a duplicate of that through the local board. The wiring of a 
toll trunk is similar to that of a ring-down trunk shown in Fig. 
2-15, with the exception that it does not appear in the local switch- 
board, and that there is an answering jack wired to it and placed 
on the toll board. It is shown in Fig. 247. The repeating coil ia 
removed and a drop i/ is wiR-d across the trunk. The multiple 
jacks are shown at a h c and d and the answering jack and lamp 
at e andy respectively. A relay //, having two windings i and i', 
is BO wired that one of the windings is connected to the restoring 
coil of the drop, while the other winding is connected to the arma- 
ture. The opposite terminal of the lamp is wired to the contact 
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point of tlie drop to wbit-h ie also connected one teniiinal oE the 
reaistance coil w. The opposite side of the busy vistials is wired 
to the contact point of the relay, and tlie armature is grounded. 
The BCtioD is as follows: The tmnk being rung on from the 
distant end, and the aniiatura falling, current Sows through the 
lampy and the resistance o, through the winding i' of the relay A, 
energizing it and closing the circuit through the busy visuals. 
The trunk is thus shown busy the instant it is rung upon, pre- 
venting any operator taking it up before the proper operator 
answers at the answering jack. 
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Fig. 247. 

When the plug is pushed into the jack, curit^nt is sent 
through the restoring coil of the drop, and tlie coil * of the relay. 
Therefore, although the circuit through the coil i' is broken, that 
tinough the coil * keeps it energized so that the busy visual circuit 
remains closed. The resistance o, which is 600 ohms, is shnntfd 
around the lamp so that, should tht) latter become open, the busy 
visuals will be energized when the trunk is rung upon. 

In Fig. 248 is shown the wiring of a cord circuit to connect 
together two toll trunks. It differs in no very essential feature 
from tiiat of an ordinary bridging lioard. The clearing out drop 
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f\a not placed on the board id view of the operator, but a lamp g 
actuated by its armature is placed in the keyboard and acta aa the 
Buperviaory signal. The resistance h, which is in series with the 
lamp, is 130 ohins, while that oij, in Beriea with the restoring coil, 
is 190 ohms. The resistances of / and k are 200 ohiiiB each. The 
wiring of tht) operator's transmitter circuits is identical with that 
already shown for a common battery otKce. 

In Fig. 240 is shown the circuit for connecting together a toll 
truuk and one to a local otlice. One half is the same as that shown 




Fig. 248. 

in Fig. 248, while the other half is that of local subscriber's oper- 
ator's cord circuit. Here the left-hand plug " is for the toll-trunk 
jack, while the right-hand plug h is for the trunk to the local 
switchboard. In this cord circuit a rein-ating coil is used, and the 
windings 1 and 2 are 8trap[)ed together on the left-hand side of the 
cord, while the battery is connected between 3 and 4 for the right- 
hand aide in the usual manner. A toll board position is usually 
equipped with 12 cord circuits, and of these 4 are of the type 
shown in Fig. 24.S, and the remainder, of that shown in Fig. 240. 



,y Google 



256 TELEPHONY 

LONQ-DISTANCE SWITCHBOARDS. 

The business done by the T^iig Distance Company is essentially 
a toll business, and the switehboards used are, therefore, of the toll 
board type. They differ, however, in many respects froni the toil 
hoards used by the local companies. The types of switchboard used 
in a Long Distance exchange consist of: T<iJl honrfh, ThroiKih 
boar/h, and Ii-^:-<irilia<j Jjum-ih. The toll hoards are those at which 




tho toll lines terminate, and are equipped in the larger offices 
with the toll lino answering jacks, line drops, outgoing trunk mul- 
tiple to the local exchanges, and circuits to the i-hief operator's 
hoard. The through boards are used to complete connections from 
one point to another, when the line to these two [wints passes 
through the office. For example, if a connection is wanted tietween 
Boston and Philadelphia, there being no direct trunks between these 
two points, the connection would have to be handled through New 
York. Boston would call Kew York, and ask for Philadelphia, 
New York would then raise Philadelphia, and connect the two 
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trunks together. Tliis woiiW be done at the through board. Tlie 
recording board is used for handling calls from local enbacrilxsrs 



to Long Distance points. The 



through boai-ds are equipped with a 
iiuiltipleof the toll lines, a iiniUipIe 
of the trunks to local officee, and a 
multiple of the trunks to the chief 
operator's Ixjard, 

The wiring of a toll line is 
shown in Fig. 250. The main rack 
is shown at x x\ and in this eonuec 
tion it should be said that the main 
rack of the Long Distance Com- 
pany is not equipped with protect- 
ing devices. The lines after enter- 
ing the office are equipped with the 
regular carbon sandwich protector 
for lightning, as shown at o and t/. 
Thejack«is in the chief operator's 
board, which contains a bridge on all 
hnes entering the office. The jacks 
b, c, d represent the multiple in the 
through boards, while at e is shown 
the answering jack. After passing 
the answering jack, the line runs 
through the contacts of the relay /, 
which has a resistance of 90 olinis, 
and thence through the line coil of 
the drop /i. One terminal of the 
coil of the relay is connected to the 
ring of the jacks and the other is 
wired to the restoring coil of the 
drop. The lamp <j is the answering 
lamp, and those marked /iy,/"', and 
f" are the busy lamps. The oper- 
ation of the circuit is as follows: 

The trunk being rung open the 



drop is thrown and the lamp */ lighted, 
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into the jack e to answer, restores thedrop, putting out the lifjht^. 
At the same time the relay i is energized and the drop ciitotf. 
Also a path is made between the lower springand inner contact of 
the relay * for the common return of the busy lamps ^, f,f, 
and_/"', lighting these lamps and giving the signal that the line is 
in use. It will be observed that the heat coils in and m' are placed 
in series with the drop to protect it against sneak currents. The 
bnsy lamp f" is placed above the answering jack to notify the 
operator at that point when the trunk is taken up at any other 
section of the board. 

In Fig. ~5I is shown the operator's cord circuit that is used 







Fig. 251. 

on the tol! buard and through board. The wiring of the trunks to 
local offices is shown iu Fig. 2.j2, and is of a design different from 
tliat usfd l)etwf'en the exchanges of a local company. It is so 
wired that the long distance operator does all the ringing, and to 
this end a sjH-cial relay is placed at the incoming end, which is 
actuated by the alternating current from the ringing key of the 
long distance oprator. At the long distance office the trunk is 
wired in the usual manner with the ring of the jacks connected to 
ground through a coil of ilO ohms resistance. At the incoming 
end ia the regulation repeating coil <i wired up in the regulation 
manner, with the exception that the relay above mentioned is 
bridged around the condenser, with another condenser in series. 
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The oiitBide contucts of a second relay 5 are siso bridged across tlie 
terminftls of the first condenser, the upper swiuging contact of this 
relay being wired through the coil of a third relay c to ground, 
and the lower swinging contact of this relay being connected to 
the contact point of the relay c. The two inner contacts of the 
relay h are strapped together. The armature of the relay a is cod- 
neeted to battery, and ita contact point is wired through the coil of 
the relay (/ and the coil of the relay h to ground, through a resist- 
ance of 170 ohms. To this wire is also strapped the contact of the 
relay c, its armature being connected to that of the relay c. The auto- 




Fig. 252. 
matic testing key is wired in the usual manner, with the exception 
that the lower inner contact is connected to battery, and the lower 
swinging contact is connected to the contact point of the relay c. 

The working of this trunk is as follows: The trunk operator 
at the local office taking up the called subscriber's line, the auto- 
matic bey is energized, and battery is thrown out on one aide of 
the line to the long distance office, where the keyboard signal is 
energized. The supervisory lamp o is lighted. The Long Dis- 
tance operator upon ringing, energizes the relay (7, closing the 
armature against the contact, and throwing battery through the 
relay with the result that it in turn becomes energized, cutting in 
the ringing current and calling the subscriber. This current 
flows also through tlie relay h energiy.ing it, breaking the contacts 
l)etween the middle and outer, and making them between the 



lr,coi»^.OOQle 



,gle 



260 TELEPHONY 

middle and inner points, with the reBalt that current \b now sent 
from the lower contacts on the aiituinatic testing key through the 
strap on the relay } and the coil of relay c to ground. The relay 
c hecomes energized and its armatnre is closed against the contact 
point, thus cloBJng the shunt circuit around the lamp through the 
- resistance coil vi, shunting out the lamp. When the called sub- 
scriber removes the receiver from the hook, the supervisory relay 
e is energized, and current flows through the lamp, and the resist- 
ance coil m, the armature and contact point of the supervisory 
relay, and the coil of the relay ft to ground. The relay b again 
being energized, current is sent through the relay c energizing it, 
and current is again allowed to flow through the lower contacts of 
the automatic testing key, to the point x, where it splits; one por- 
tion passing through the coil ut, again shunting out the lamp. 
The other portion flows through the armature and contact of the 
supervisory relay, the coil of the relay b to ground, thus keeping 
b and the relay c energized. Ko disconnect signal is placed at the 
long distance end of the trunk, as the long distance operator is 
required to supervise the connection. 

When the conversation is completed, the operator at the dis- 
tant oflice rings on the toll trunk, thus throwing the clearing-out 
drop. The long distance ojierator then clears the connection, and 
the lamp at the incoming end again lights up. Tlie recording 
boards are used to record calls from local exchanges to long die- 
tance points, and to transmit the information to the proper tail 
operator in order that the required toll j)oint may Ihj reached. 

These boards are equipped with a multiple of the outgoing 
trunks to local offices. The oj>erator's cord circuit is the same as 
that of a toll board, with the exception that it has only one cord 
and plug, is used to hold the trunk, until the toll operator takes 
up the connection, Kach recording operator position is equipped 
with a set of sending order wire keys to the local offices. A 
special operator, calkti a recehiug oprmtor, is equipped with a 
telephone circuit at which terminates an order circuit from each 
of the local exchanges. All calls coming from the local exchaiigeB 
are i-eceived over this order circuit by the receiving oj)erator, who 
writes the details on a ticket and pisses it to one of the recording 
operators. This ojierator goes in on the order circuit to the trunk 
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operator in the exdianjre from wliicli the call originated and 
orders np the calling subecriber'a line, which is done in the 
regular circuit trunk manner. The ticket is then sent from the 
recording operator to tlie toll line operator, who proceeds to get 
the called subscriber at the toll point required. Upon the toll 
line operator plugging into the trunk to the local exchange njion 
which the calling subscriber's line is being held, the recording 
operator withdraws her plug and has nothing more to do with the 
connection. 

TELEPHONE OPERATINQ. 

The work of establishing connections in a telephone exchange 
is called operatiiiy. The department that handles the operating is 
called the Tfaffio Dejiartntent. The force in a telephone exchange 
is made up as follows : Each exchange is in charge of a manager, 
whose business it is to see that the operating force properly attends 
to the work of handling connections. lie should have full authority 
over his force, being free to make whatever change he may deem 
to be necessary. In large exchanges his efforts are seconded by 
one or more assistant managers. These are usually men, although 
the position of assistant manager ia sometimes filled by a woman. 
The official who comes in the most direct contact with the operators 
is the chief operator. This position should always bo filled by a 
woman. The force of operators is assisted by one or more super- 
visors, whose duty it is to watch closely the manner in which the 
operators directly under her charge attend to business, and to help 
them out of any difficulties into which they may fi-om time to time 
fall. Each supervisor is assigned a certain number of sections to 
patrol, and she walks continually to and fro watching the work. 
She should watch the manner in which the operators answer the 
subscribers, insisting that it be done promptly, and that the sub- 
scribers be carefully listened to so that their wishes may be prop, 
erly recorded. The supervisor should see that the subscriber 
always gets courteous treatment. Each supervisor is equipped with 
a telephone placed conveniently on the wall so that the O|)erator8 
may be readily able to communicate with her. It is jmrt of her 
duty to give the oj)erators all the assistance necessary in the jmr- 
formance of their work. 
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Next to tlie eiijwrvisor iii authority cuiima the monitor. Tbia 
otticial sits at a desk so as to be in constant comnninication with 
the switchboard. She is required to take up all matters of com- 
plaint by the subscribers, to furnish any information that may be 
required by the subscriber, and to complete connections that the 
operators have found impossible to complete. The number of 
monitors required varies with the size of the office, but is seldom 
over four, and usually two. 

Next highest in authority is the chief operator, already re- 
ferred to, who is somewhat analogous in her relations to the oper- 
ating force as the first mute of a ship is to the sailors. She sits 
al a desk somewhat similar to that of the monitor, so as to be in 
constant touch with the ojierating force. Her duties are many and 
various. First of all, she is the person to whom the force report 
directly. She watches the work, and is the first to note any defects 
therein. She receives the reports from the supervisors and moni- 
tors and acts on them. She is directly responsible to the manager 
for the manner in which the trafHc of the office is carried on. All 
calls for the manager are given to her, and it is her duty to deter- 
mine whether to handle them herself or turn them over to the 
manager for his action. 

The night force is presided over by a night manager who has 
the rank of chief operator. Tlie night force is not so large as that 
employed in the day, and as a result no night supervisors are 
needed. Only one night monitor is required and no night chief 
operator. The manager should see to it, tirst of all, that he pro- 
vides himself with the proper kind of a chieE operator. This done, 
one half of the battle for good ojwjrating is won. He should then 
eupLTvise carefully the work of the chief operator, in selecting the 
proper ojRTators, sujiervisors, and monitors. He should select such 
assistants as will best help him in his work. 

The hours of the ojwrating force are divided as follows: Half 
of the day force reports at 7 A, M. and the other half at 8 A. M. 
The half that report at 7 A. M, are relieved at 5 P. M. The sec- 
ond half is split up, the majority re[>orting at 8 A. M., but a small 
number re[x>i-ting at i) A, M. and remaining till 7 P. JI. Tlie 
hours for reporting usually change every week so that those oper- 
;itors who, during the Hrst week, report at 7 A, M. will, during 
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the second week, report at 8 or il A. M. The new operators are 
formed into a relief squad whicli reports at 4 P. M. and remains 
till 9 P. M. As tlie operators in tins squad show increased pro- 
ficiency they are promoted to tlie regular force. In some exchanges 
the night force consists of boys from 10 to 21 years of age. But 
it has been fonud after repeated trials that girls give better results 
than boys, as tliej are more tractable, so that they are being used 
more and more every year. The night force reports at 7 P. M., 
and remains till 7 A. M.' 

These hours seem very long, and are in actual fact. But a 
great deal of time during the middle of the night is given to the 
operators to sleep so that the strain is not as great as would seem 
at tirat sight. The telejihoue companies select these long hours so 
that the girls wilt not l)e compelled to bo on the street at any un- 
seasonable hour. 

The operators are divided into two groups. Those that an- 
swer the subscriber lines, called subscriber or "A" operators, and 
tliose that handle the incoming trunks, called the trunk or "B" 
operators. In otiices where there is situated a toll board, there 
exiata a third group called the toll operators. The work per- 
formed by each of these groups differs in detail from that performed 
by the others. The subscriber operatora have to deal with the 
public, and therefore must bo well schooled in soothing ruffled 
temj)er8 and the like. They must also be instructed in the proper 
method of answering questions. In answering calls a certain formula 
must be gone thi-ough with, which will be described directly. In 
the earlv daya the ojieralor used to answer the subscriber's call by 
saying ''Hello ", Bnt within the jjast five or six years this custom 
has been discontinued, and theo])eratorsinBtructed to substitute the 
won! '■Nunil>er", so that to-day, in all well regulated exchanges the 
operator answers the subscribers call by saying " Nnnil)er" with a 
rising inflection. The operator then gives the number required. 

There are two methods of operating, one used with the mif(j- 
neto system, and the other with the amimiDi htitury si/»tfiii. That 
used with the magneto system will be explained first. In explain- 
ing the various methods of operating, the multiple board only will 
iH-couaidered, since all methods applicable to this are also applica- 
ble to the Btaiidai-d or HulMlivided board. 
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There are in all Jive classes of calls: J'^lrst, those for sub- 
scribers ill the same exchange as the calling siibscriljer, S'-.wml, 
those for subscribers in other exchanges reached over a riug-down 
trunk. ThinI, those for subscribers in other exchanges reached 
over a ring-down trunk through some -intermediate exchange. 
J''itn/-t/i, calls for subscribers in other exchanges reached over 
circuit trunks. Fifths calls for aubscribers reached through the 
toll board. A aystem followed now by nearly every telephone 
company is to give three classes of service. First, ^'(i jvr^f^, ac- 
cording to which the subscriber is charged a fixed rate per year for 
unlimited service. Second, iin-nsiuje ruti; 
according to which the subscriber is charged 
a fixed rate per year which is regulated by 
the number of calls made. Third, ^wy *?«- 
?*"«, according to which the subscriber pays 
for each call made at the time of making the 
call. It is obvious that a record must be 
kept of all message-rate and jmy-station calls 
made, while no record need be kept of the flat 
rate calls. The method of keeping record of 
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Fig. 253. the calls is by filling out a ticket such 

shown in Fig. 253, on which opposite the 
word "From" is written the numlier of the calling suliBcriber's 
line; and opposite the word "To" is written the number of the 
line called for. Pay station calls are limited in time to five min- 
utes, so that two additional blanks on the ticket, one headed "Time 
Connected", and the other "Time Disconnected", have to Ije filled 
out in this case. 

Consider now the first case in which the called subscriber is 
in the same exchange as the subscriber calling. Tlie operator 
having plugged into the answering jack, and said "Number" with 
a rising inflection as already described, listens intently to the re- 
quest of the calling party. Assume that 500 calls for 4030. Tlie 
operator takes up the calling plug and touches the riju of the 
multiple jack on 41)30. If the busy test is obtained, the operator 
says to, 500l "Tliey are busy". If upou touching the jack no 
busy test is obtained the plug is pushed into the jack and 4030 is 
rung up. The listening key can l>e adjusted all this while so as to 



,yGoot^lc 



TELEPHONY litJS 

cut in tbe operator's telejilione. hut the operator must he very 
careful not to have more than one listening key so adjusted at tlie 
same time, else the two cord circnits will be connected through ber 
telejihone and crops-lalk will result. Wlien the called party has 
answered the operator says: " Are you -tHiJO ';", and upon receiving 
the aftirniative answer says: ''Go ahead," and the two jiarties begin 
conversation. The operator should supervise the connection from 
time to time in onler to see that the subseriliera are able to con- 
verse properly, and also to determine whether or not they liave 
finished. This latter point is made necessary by the possibility of 
the Bnbscribers forgetting to ring off. This supervising consists 
ujerely of temporarily throwing the listening key on each cord 
circuit upon which there is a connection. If the operator in so 
supervising should happen to listen in on a connection over which 
there is no conversation slie should ask: "Are yon waiting?" and 
after'a pause: "Are you through?" If no response is obtained 
she should then take down the connection. 

It often happens that the operator has to answer several calls 
at once In doing so she should answer each calling subscriber in 
turn, before making any attemi)t to raise any of the subscribers 
called for, AVben the last subscriber has been answered, she should 
then start in and raise the subserilwrs called for in the order in 
which she has received the calls When the parly called for does 
not answer the telephone, the call is reported as a " Don't An- 
swer", and given to tlie monitor for further trial. If the called 
subscriber's line is out of order so that he cannot Iw raised, the 
fact is BO reported to the calling subscriber. All cases of "Don't 
Answer" or "Out of Order" are reported as lost calls, and the 
ticket marked with a cross. One of the greatest problems in oper- 
ating is to reduce the percentage of lost calls. Should the operator, 
through confusion or any other canse, ping into the wrong jack 
and call the wrong jmrty, she should allow the plug to remain in- 
the jack until the called subscriber answers, and then say : " Ex- 
cuse that, please", after which she is free to withdraw the ]ilug and 
call on tbe proper liiie. 

The next case to be considered is that in which the ealled-for 
subscriber is in another exchange reached over a ring-down trunk. 
The subscriber operator, having answered the call, tests with the 
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tip of tliB calling plug of a different pair of cords, usually tbe one 
adjacent to that used for auswering, the rings of all the jacks on 
the trunks to the required exchange, until one ie found that is not 
occupied. The calling p'l'g is inserted into this jack and the 
trunk rung on. When the O[)erator at the distant exchange an- 
swers, the first operator asks for the required numlxsr, and if the 
line is not in use the connection is plugged up and the called sub- 
scritier rung up by the ojKsrator at the distant exchange. When 
the called subscriber answers, the operator at the originating ofHce 
asks: "AVhut nunil>er"; and upon learning that it ie the ooe re- 
quired, quickly substitutes fur the calling plug then in tlie trunk 
jack, that one forming the mate to the answering plug in the call- 
ing subscriber's jack, thus giving him a connection through. This 
method of using the cords ia called : " Using split cords", and is 
done to prevent the calling suhserilwr from hearing the connection 
put through to the distant office, which would tend to confuse him. 
This connection is supervised by the operator at the originating 
office in the manner already described. When the conversation is 
conipletetl and the calling subscriber rings off, the originating oper- 
ator goes in and says " Are you waiting V " Are you through ? " 
and upon lieariug no response, pulls out the answering plug from 
the answering jack and rings on the trunk. When the operator at 
the distant ottic'e answers she is told to clear the connection, which 
she promptly do«'s. 

One great defect in the riiig-down trunk system, when a large 
number of trunks are re<piired between two oftices, lies in the fact 
that it is often very diilicult for an operator to secure an unoccupied 
trunk. Sa}', for example, there are ten trunks to the required ex- 
chiinge, aJid that she starts testing at the first one and finds it 
busy; she then passes to the next one and finds that busy, and so 
^in. IJy the time she has reached the eighth jack the first one may 
bo cleare<l. But if upon reaching the tenth and finding that busy. 
she starts over agitin, the first trunk may have been taken up before 
she aifiiin tests the jack, so that when she does it for a second time, 
she Rifiiin finds it bu^iv. It has been known that ojierators have 
U-sU'il over a strip of jacks in this way three or four times before 
an idle trunk is fonml. 
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The third ease is that in which the called-for subscriber muat 
be reached over ring-down trunks through an interinediate ex- 
change. Call the exchange in which the call originates A; the 
intermediate exchange, B; and the exchange in wliieh the required 
subscriber's line terminates, C, From A there are direct ring- 
down trunks to B, and also from B to C. But there are no direct 
trunks to from A. The subscriber operator at A, having an- 
swered the call and ascertained the required number, plugs in on 
a trunk to B, after having tested as already described. A split 
cord is used. When the operator at B answers, the one at A says: 
"Give me a wire to C", The operator at B thereupon tests over 
the trunks to C in the manner already described and linding one 
unoccupied, plugs in and rings. Split cords are not used. When 
the operator at C answers she finds herself in direct communica- 
tion with A and receives her request for the number required 
The other details of the connection are identical with those already 
described. When the conversation is completed, the operator at A 
rin^ on the trunk, and when the operator at B answers, directs 
her to clear the connection. This operator thereupon rings on the 
trunk to and directs that operator to clear the connection. This 
is called the tKuihin trmih vitt/i'id and is used very much in toll 
business to small towns and villages. Tt is also used a great deal 
by the I^ong Distance Coin[)any, 

The fourth case is that which is universally used in all large 
cities, on account of the rapidity with which business can be 
handled by it. It covers the condition in which the called-for 
sul acriber is in a distant exchange reached over a circuit trunk. 
The suDscriDer operator as usual, having answered the calling sub- 
scriber and learned his wish, throws the listening key so as to cut 
herself off from bis line and goes in on the order key to the re- 
quired exchange and asks for the number required. Suppose that 
the subscriber at Ko 750 Courtland wishes to talk to tJie subscriber 
at No 5700 38th St , the subscriber operator at Courtland St. hav- 
ing answered and learned the request, would go in on the order 
circuit to 38th St and say "57fi0 for Courtland St." The trunk 
operator at the latter exchange would then assign the trunk by 
calling Imck over the circuit " Number 5," or "Take it on Num- 
ber 5," NuinlxT 5 being the trunk tluit she is going to life. After 
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asaiffning tlie trunk, tlie trunk operator touches the ring of the 
multiple jack on line No 57G0 to see whether or not it is in use. 
Assuming that the line is not busy, slie pushes the plug into the 
Jack In the meantime the A operator at Conrtlaiid St plugs into 
the multiple jack on trunk No, 5, using a split eon], When the 
incoming trunk corda are e<iuipped with ringing kt'js, tlie trunk 
operator rings the called euliscriber. But when these are wanting 
the A operator does the ringing. In either case when the called 
subscriber answers, the A operator assures herself that he ia the 
right party by asking his number and then, qnickly replacing the 
plug in the trunk jack with tlie mate to the one in the answering 
jack, completes the connection. Tlie connection is cleared in the 
manner already described. 

The A operator in ordering nj) the connection should be very 
careful and listen on the circuit bt^fore passing the call, to ascertain 
whether or not any other call is being passed at the same time. If 
this be neglected, she might interrupt some other call on the same 
circuit. Under these conditions the result would simply he con- 
fusion to the trunk operator, and I)oth calls would have to be 
repeated. 

Where the trunks are not equipped with disconnect aignals, 
the same precaution should Iw observed by the A operator in order- 
ing down connections, and for the aame reason. Where the dis- 
connect aignals are in use, tlie circuit is used only for ordering up. 

The fifth case is tliat in which the called subscriber ia at a 
toll point and must be reitehed over the toll board. There are two 
conditions: First, whei-e tlio call originates at a local ollice for 
the toll ]>oint; and, second, wliere the ctdl originates at the toll 
[H)int for the aubscriber at the local excliange. The metliod of 
0[>erating under the first condition is identical, whether the calling 
subscriber is in the same exchange as that in which the toll iHMird 
is plaered, or whether he ia in a ditferent e>fhange. It ia aa follows: 

The Bubscrilier having sjvt'ii the enll to the A opejator who answers 
hiiii, she goes iu on an unler uircuit to a hjiucial operator called the Heeord- 
iiig Oiieratiir, and placed iu the e!>L-liuriK>: with the toil board. The iluty 
of this operator is to receive the calls Uirloll poinlK and to make out lickelR 
The call tiaviiigbeen parsed, thu A "jierator wit lulniws the answering pluf; 
from the answerlu); jack and atluJulH In oihi 
operator, iu the meauwhile, haviu); entered oti 
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calliugBubacriber'alineandtheQumberof thecalledBubBCriber'stiueat the 
toll poiDt, paasee the ticket to the toll operator who baudlea tbe toll trunks 
to this point Thl8 operator goes In on the order circuit to the exchange 
at which tbe call originated, and orders up the calling subscriber's Itne, 
which is done in tbe manner already descril^ed for circuit trunk operation. 
The toll operator plugs tbe answering cord into the trunk Jack. While 
the connection over the circuit trunk is being made, the toll operator plugs 
tbe calling cord into tliejack of tbe tirat unoccupied toll line, and ringing, 
calls the operator at tbe toll point. When this operator answers, the called 
subHcrlber'a number Is given and the connection put through in the usual 
way The toll operator thus handles tbe call, throughout, noting the time 
during which conversation is held. 

When tbe conversation is completed, the toll operator withdraws tbe 
plug from the local trunk Jack, thus giving the disconnect signal to tbe 
trunk operator at that point, if tbe trunks are so equipped. If not she 
must go back on tbe circuit and order tbe connection cleared. Bbetben 
rings on tbe toll Hue and when the operator at the distant point answers, 
orders the connection cleared. 

From the foregoing it will be evident that from the time that 
the A operator, after having transmitted the call over the record- 
ing circnit, withdraws her answering ping from the answering 
jack, tip to the time that the trunk operator takes up the calling 
BubBCriber's line, this line having no plnga in either tbe multiple 
or answering jacks, would not show busy to any other operator . 
who tested it. If, therefore, during this period, a call comes in 
for the calling subacriber's line, it will be taken up by either an A 
or B operator as the case may be. So that when the trunk oper- 
ator receives the call from the toll operator to put the connection 
up, she will report the line busy As a result of all this, the 
calling subscriber, instead of getting hold of the toll point required, 
gets the subscriber who is calling for hiin Tliis period, during 
which the calling eubscriber's line is unprotected, is called the 
ungtmriJed interval. 

With the introduction of the common battery system, a device 
was introduced with a view towards protecting the calling sub- 
scriber's line during the unguarded interval. Though common 
battery operating has not yet been touched on, this device will be 
explained here for convenience. 

It consists of a specially designed cord circuit, the plug of 
which is introduced by the A operator, as she transmits the call 
over the recording circuit, iiiti) the answering jack, and is not 
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removed until the trunk 02>eratijr takes up tlie connection. This 
circuit ia called the Toiifi tuxt circuit, and is wired as shown in 
Fig. 254. The tip and ring of the ping are connected to battery 
through the retardation coil, the ring etrand having a relay, of the 
type uaed on the A operator's cord circnit, in series. Tlie shank 
of the plug ia connected to battery through the secondary winding 
&f a transformer, a 140-ohni resistance coil, the 15-ohm coil of adif- 
ferentially wound relay, and the coil of a Sfcond supervisory relay. 




Fift- 2ri4. 



The primary winding of thu transformer ia connected through a 
150-ohm resistanca to the terminals of an alternatilig machine a. 
When the A o[>erator has receivt^i the call from the calling 
Bnbscriber, and just iaefore withdrawing the answering ping, she 
directs him to hang up the receiver, so that when the tone test plug 
is inserted, the receiver is on the hook. No current, therefore, 
flows through the retardation coil Current flows, however, through 
the 140-ohm resistance, tlie 15-ohm winding of the differential 
relay, and the coil of the 6-ohm supervisory relay, to ground 
through the cut-off relay ou the calh'ng auhtjcriber's line. Tlie 6- 
ohm relay l)econiea energized, and a path is formed through its 
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armature and cootaet for the current to pass throiigL the ISO-ohm 
coil of the differential relay to ground. The two coils of tliia relay 
being in opposition, it is not energized. The direct current from 
the battery, passing throngh the transformer becomes alternating, 
and therefore, when the tone test plug is inserted in a jack, this 
alternating current being thrown on the ring, any operator, touch- 
ing the ring to get the busy teet, will, instead of getting the usual 
click, hear the hiunming noise produced thereby. 

All operators are instructed to regard this " tone test" in the 
same light as the busy test, with the exception of the trunk oper- 
ator who receives the call from the toll board. She recognizes in 
it the fact that the line is being held np for the toll call and intro- 
duces the trunk plug into the jack. When the trunk operator 
thus takes up the line, the current from the shank of the trunk 
plug flows along the wire attached to the rings of the jacks, till it 
reaches the one in which is inserted the tone test plug. From 
here it flows down the shank wire, through the 6-ohm relay to the 
common terminal of the two windings on the differential relay, 
thence ihrough the 130-ohm coil to ground through the armature 
and contact of the 6-ohm relay. 

Since the current flowing through the 15-ohm coil must still 
flow through the 13()-ohm coil to ground, it remains the same in 
amount as before. The current passing through the 6-ohm relay 
is greater in amount and, therefore, the magnetizing effect of the 
1.30-ohm coil becomes greater than that of the 15-ohm, hence the ■ 
relay becomes energized. When 'this happens, the armature, touch- 
ing the contact, forms a circuit through the lamp marked "Disc. 
Sig.", which lights. Upon seeing this the A operator removes the 
tone test plug. Should the calling subscriber require attention 
during the unguarded interval, he has only to remove the receiver 
from the hook, and the 120-ohm supervisory relay is energized, 
closing the circuit through the lamp marked '* Sub. Sig." Upon see- 
ing this lamp light, the A operator removes the tone test plug, and 
again answers the subscriber with the ordinary answering plug. 

With the introduction of the common battery system and the 
resultant system of automatic signals, the methods of operating 
were changed in some cases. In a general way, the operators were 
relieved largely of the necessity of supervising calls, and the work 
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was in many inBtances considerably expedited. The ]«-i(icipal 
change has taken place in the work of the A operator. This should 
be divided into three classes: 

First, calls Id which the calling and called' Bubscrlt>er'a tineD are iu 
the same excbaDRe. Becund, those In which the called sultseriber's line 
Is in a dlB'ereut exchange of the magneto ty}>e, reached by circuit truuks. 
Third, those in which the called suhBcrli>er'H line Is in a diHereut ex- 
change uf the commuu battery type reached over circuit trunlis. 

The ring-down tnink operation and tlie toll operation are the 
same as already described. 

Taking the Jirst case, tlie operator answers the calling snb- 
scriber with the answering cord, which action antomatically puts 
out the line lamp as has been shown previously, Ujwn the eub- 
acriber giving Lis call, the ringing plug on the same cord circuit is 
inserted in the called siibscritwr's multiple jack, after it has been 
tested for busy, and the eubscriher rung up. "When the plug ia 
insert*^! into this jack, the receiver being on the hook, the supervis- 
ory lamp lights. When the called subscriber answers, this lamp is 
shunted out. During the conversation the two supervisory lamps 
are out. When the subscribers hang the receivers up after com- 
pleting their conversation the supervisory lamps light, each one 
independent of the other. Should one of the subscrii)er8 wish to 
call the attention of the operator so that another call might ba put 
through, it is done hy merely moving the hook up and down, when 
the supervisory lamp on the cord connected with his line is flashed, 
thus calling the attention of the o|>erator. When the two super- 
visory lamps light at the completion of the conversation, the oper- 
ator clears the connection, witluiut listening in to inquire whether 
the parties are through. 

The second case is that in which the called subscriber's line 
is in a different exchange of the magneto tyjie, reached over circuit 
trunks. The method of putting up the connection ia identical 
with that already described except that B])lit cords are not used. 
When the conversation is completed and the subscribers hang up, 
the supervisory lamp on the answering cord lights, but the super- 
visory signal on the calling cord remains shunted out on account 
of the fact that the trunk is closed tlirough the repeating coil at 
the incoming end. When tlie lirst sujiervisory lain^) lights the A 
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Operator takes down the connection, thns giving the disconnect 
signal to the trunk operator who clears also. 

The third case is that in which the distant office ia of the com- 
nion battery type and reached by circuit trunks. Here the con- 
nection is put lip ill the manner already described. At the com- 
pletion of the conversation, wheQ the subscribers hang up, both 
supervisory lamps light just as if both subscribers' lines tf rininated 
in the same office. When the A operator clears out, the discon- 
nect signal is given on the trunk and the trunk operator clears also. 
Before closing the subject of operating in a \ocb.I exchange a word 
should be said relative to the duties of the trunk operator. 

In one respect the duties of a trunk operator are easier to per- 
form, than those of the subscriber operator; in another respect 
they are the opposite. The trunk operator does not deal with the 
subscriber, and is therefore free from the nervous strain consequent 
upon this class of work. On the other hand, in, exchanges in which 
the percentage of trunked calls is above forty, the trunk operator 
is required to work more rapidly than the subscriber operator. 
Again, the trunk operators have to receive the calls from the eub- 
scriber operators who are always in a hurry to complete the con- 
nection. As a rt'sult they must be very careful to receive the call 
correctly, which is made all the more difficult from the fact that 
the numbers are called off very fast, and different calls come in, in 
rapid succession. 

It often happens that two or more A operators go on the same 
order circuit at the same instant to order up different connections, 
with the result that the trunk operator is able to hear only a con- 
fused jumble. She must remain cool under these trying conditions, 
and be ready to put up the first intelligible order that comes. 
Wrong connections are sometimes put up, either because the A 
0[)erator has made a mistake or because the trunk operator has 
beard wrongly. The result is that the A operator, after finding 
the mistake, has to go back on the circuit a second time, usually 
in a not very pleasant frame of mind, and order up the proper 
connection. 

The frame of mind above referred to is usually vented at tlie 
trunk ojKJnitor, but she itinst remain a perf(^«:t automaton, as far 
as temjier ia eoncerned, and attend strictly to business. Lustly, 
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where the percentage of trunked calls le above 50, the trnnk oper- 
ators mnat work faster than the A operators. 

Long-Distance Operating: partakes of some special features 
which will be mentioned directly. Calls handled by the Long 
Distance operating department are divided into three classes. 
First, calls from local eabscrihers to long-distance points. Sec- 
ond, calls from long-distance points to local subscribers. Third, 
through calls. Calls from local subscribers to toll points are, as 
far as the subscriber operators are concerned, handled in the same 
manner as those to local toll points. The A operator, after having 
answered the subscriber, passes the call over a special order circuit 
to the receiving operator in the long-distance exchange, plugs the 
tone test into the snbscnber'a multiple and withdraws the answer- 
ing plug. The receiving operator, whose duties are the same as 
those of the recording operator at a local toll board, makes out a 
ticket with the number of the calling subscriber's line, his name 
and the name of the party called for, togetlier with his telephone 
number and the town in which it is situated. This ticket is passed 
to one of the recording operators, who, upon its receipt, goes in on 
an order circuit to the pro|)er local exchange trunk operator and 
orders up the calling Bubacriher'a number. The connection is put 
up in the manner already described for local toll connections, the 
recording operator plugging the trunk jack assigned by the local 
trunk operator. 

She then records the number of the trunk used on the ticket, 
which is passed to the toll board operator who handles the lines, to 
the long-distance point required. The toll operator rings on one 
of the unused toll lines to the point required, and raises the long- 
distance operator at that point. This latter operator proceeds to 
get the called subscribers in the manner tliat will be described for 
incoming calls from toll points. 

In the meantime, the calling subscriber's line, together with 
the trunk to the local exchanges, is held by the recording operator, 

AVhen the called subscriber has been reached by the toll line 
operator she pings the answering plug into the local trunk whose 
nunilier has been written on the ticket, and rings the calling sub- 
scriber, who in the meantiiiie has Imng up his telephone, ['jMjn 
tlie subscriber again answering he linds himself in communication 
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with tbe point re(jnired. When the toll line operator plugs into 
the trunk which is being held by the recording operator the risiuil 
on the latter'a cord circuit ia bIiowd, wherenpon the recording oper- 
ator withdraws the plug from tbe trunk jack. When the conver- 
Bation ia completed, the visual ia thrown on the toll line operator's 
cord by the calling subscriber hanging up. The toll line operator 
then releases the local trunk, and ringing on the toll line, directs 
the operator at the distant end to clear the connection. 

Calls from toll points to local subscribers are handled as fol- 
lows: It roaat be remembered that the call ia handled in the origi- 
nating exchange in the manner already described. When the toll 
trunk is rung upon at the distant exchange, the toll operator an- 
swers, and upon learning the nniiiber required, goes on the order 
circuit to the proper exchange and orders the trunk operator to 
put up the connection, which is done in the regular way. The toll 
operator plugs into the trunk assigned and the connection is com- 
plete. The connection is cleared in tlio manner already described. 

Through calls are bandied in tbe following manner: Suppose 
that a call from a toll point M comes in for a toll point N, which 
has to pass through the exchange in question. The operator at M 
rings on a toll trunk' and is answered by the proper operator. 
After learning the details of the call, a ticket is made ont with the 
called and calling points, and passed to tbe through board operator. 
Tlie ticket also contains the number of the toll trunk upon which 
the call has come in. The through lK)ard operator selects an idle 
trunk to N and rings. ^VTieii the operator at N answers, the de. 
tails of the call are given. The through board operator then plugs 
the answering plug into the assigned toll trunk from M, com- 
pleting the circuit. MTien the trunk to M is taken up at the 
through board, the visual is thrown on the cord circuit of tbe toll 
operator holding it, who thereupon clears out. 

TELEPHONE SYSTEMS. 

Under this heading is include*! all methods of wiring tele- 
phone circuits which ixescse sp<;cial features, distinct from the 
gerierjil feiituri^s of telephone wiring. Some of these systems are 
simple, and some of them arc very complex. ■ Some concern only 
the wiring of the subscriber's telephone, and some of them concern 
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the wiring of the whole cxchaage. Of the vast number of tele- 
phone systems that have been introduced from time to time, only 
those will be considered that possess distinctive features and that 
have proven themselves by experience to possess decided advantages. 

The origin of the telephone system seema to have been the 
desire to connect two or more subscribers on the same line. The 
first step in this direction was taken when the bridging bell was 
invented, as has already been explained. The system which pro- 
vides for the wiring of two or more telephones to the same line is 
called a Party Line Syntfin; and a line which carries two or more 
telephones is called a Party Line. 

The simplest party line system that can be devised is that in 
which the telephones are bridged across the same line. In Teleph- 
ony, Part I, it was shown what was the limit to the number of 
bells that could be successfully bridged to the same line, looked at 
from the standpoint of the electrician. It will now be necessary 
to inquire what are the limits, if any, other than electrical, govern- 
ing the number of telephones that can be Buccessfully used on a 
party line. In this discussion the party line circuits in Telephony, 
Part I, should be referred to. It will be evident that when any one 
subscriber calls the operator, or when the operator calls any one sub- 
scriber, all the remaining subscriber telephone bells ring. Therefore, 
a system of signaling has to be used, in order that when the oper- 
ator rings, each subscriber will know when his attention is required. 

The form of signal used is a given number of rings of the bell. 
For instance, the first subscriber's signal will be two rings of the 
bell; the second, three rings; the third, four rings; the fourth, five 
rings, etc. Sometimes the duration of the "ring" is varied. For 
instance, the signal for the first subscriber may be two short rings; 
the second, one long and one short ring; the third, two long rings; 
the fourth, one short and one long ring. As the number of sub- 
scriber's telephones on the line increases, the number of signals 
must increase, until a point is reached at which the signals have 
either become so complex that the o^xirator has difficulty in remem- 
bering them, or else they fake so long to ring that a serious loss of 
time results, or the subscriber has difficulty in recognizing them. 

Experience has shown that in lai^ cities, and generally where 
the calling rate is above three per day, four telephones is all that 
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can be bridged on one line, consistent with good results. It should 
be remembered that during the time that any one subscriber is 
using the instrument, the other Bubscribers cannot get service. So 
that the greater the number of subscribers on a line, the larger will 
be the interval during which any one of them will be denied the use 
of the line. 

With this system the different stations are denoted by letters 
of the alphabet. The first station is denoted by A, and the second 
by B. With the object of selecting a letter which has a different 
vowel sound from either A or B, the third station is denoted by F, 
and the fourth by I. 

The usual code of signals made use of is as follows: 
When tlie operator wiHliea to call A, two riuge are used. Three 
ringHcalllt; four riugs, F; and live riug» I. When any one of the eub- 
scdbers wlttbeu to call the uperator, one Ting 1b used. 

The great disadvantage of this system lies in the fact that, 
when any one subscriber is wanted, the bells are rung at all the 
remaining stations, and also is this the case, when any one sub- 
scriber wishes to call the operator. This condition, whUe never 
pleasant, becomes a source of serious annoyance when one of the 
stations requires all-night service, and the others are situated in 
private houses. 

Becc^nizing this point, telephone engineers set to work some 
time ago to devise some system whereby each station could be rung 
independently of the others, and the operator conld be called with- 
out disturbing the remainingsubscrihers. Itwas further recognized 
as an additional disadvantage that when the various stations were 
merely bridged across the line, each subscriber was free to listen to 
the conversations of the others by merely lifting the receiver from 
the hook and liolding it to the ear. Of the many systems developed 
to overcome the first mentioned disadvantage, the most elaborate, 
and at the same time the only one that overcame the second defect 
was that known as the S. W. C. system. 

It is so named from the fact that these three letters represent 
the first letters of the names of the three inventors, Mi^ssrs. Barrett, 
Whittemore and Craft, at that time in the engineering deiwrtment 
of the American Telephone and Telegraph Co. The principle uix>n 
which it worked consisttil of the fact that tlie telephone bells were 
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so wired that each oue would respond only when the ringing cur- 
rent was passed through the coils in the proper direction. The 
8yatt;ui accommodiittid six telephones on a line. In the center of 
the door of the bell box was a circular opening about 1 inch in 
diameter. When any one of the telephones were in use a white 
disc with the words: "Line in Use" was automatically displayed in 
front of this opening on the remaining five instruments. When 
the receiver was hung up, the signal on the others disappeared 
This was called the lockout sigiial, and when it was displayed the 
hook switch was automatically held down, so that the conversation 
could not be listened to. 

The wiring of the bells is shown in the following figures: In 
Fig. 2:">i) is shown the outline of the system, illustrating the prin- 



b 

Fig. 255. 

ciplcs uix>n which the oijeration is based. Here a and h represent 
two sides of the line, which are known as the a and J side; c and 
d represent the coils of two polarized relays, the middle point being 
grounded. At e is the buttery which may be connected ro the line 
in any one of the following ways: 

Tbe positive pole to the a Hi<le or the Hue, and the negative pole tu 
ground, caiiHiiiK Ihe current to tlow through the coll c to ground. The 
ueg^ative pole to a and the poalttve pole to ground, causing the current to 
flow In the same circuit, but in the ojipoeite direction. The positive pole 
of the battery to the h side of the liue and the negative to ground, 
causing the current til flow over the h side of the line and thnmgh (he oil 
d to ground. The negative pole of the hattery to the 6 side of the line, 
am) the positive to ground, causing the current to flow over the same cir- 
cuit, but in the opposite direction. The positive pole of tbe hatterj' to the 
a aide of the line and the negative to the h side, causing the current to flow 
through the two coils iu series. The negative pole to the aside of the liue 
and the positive to the b side, causing the current to flow over the same 
circuit, but iu the opposite direction. 

By properly connecting tlie two relay coils tog«'ther and also 
to line, the bell may be made to respond to any one of these ooin- 
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binations. Tliero are other combinations that could be mode, but 
these six are all that are used in connection with this system. ' 

The battery used for ringing consists of three banks of 80 
volts of Leclanche battery each; the first one having the negative 
pole grouudotl, the second having the positive p6[e grounded, and 
the third connected metallic. The keyboard circuit ia so wired 
that any one of these banks can be cut in at will. 

The wiring of the bells will next be considered. From the 
nature of tlie couibinations, the same bell wiring will answer for 
stations 1 and 3. The same wiring for stations 2 and 4 and the 
same for stations 5 and 6. So that only 3 different forms of bell 
wiring are retjuired for six stations. 

Figure 256 shows the wiring for stations 1 and 3. The bell 
box is equipped with three binding posts; the two outside ones 
being for the line and the center one for the ground connection. 
From the right-hand binding post the line passes down through 
the upper hinge of the door, to and through the right-hand 200- 
ohm coil, to the upper magnet coil; thence through the upper 500- 
ohm coil to the left-hfind upper contact at the heel of the switch. 

The receiver being on the hook, contact is made at this point 
with the switch, from which the current passes through the 200- 
ohm coil to the middle binding post, and thence to ground. The 
armature of the magnet and the contact jwint, when touching, form 
a short circuit around the upper magnet coil. When no current is 
following, the polarized relay attracts the armature away from the 
. contact, BO that this shunt circuit is oi»n. 

When the operator rings No. 1, the current is sent out over the 
a side of the line to the right-hand binding post, and thence to 
ground through the circuit already traced. The action of the cur- 
rent iKissing through the ui)i)er magnet coil, repels the armature 
till it touches the contact, closing the short circuit and drawing all 
the current from the coil. The electromagnetic field is therefore 
reduced to zero, and the armature, acting under the influence of 
the ix-rmaiient field is again attracted away from the contact point. 
Directly this happens, current again flows through the upper coil, 
and the same process is reix;ated. In short, the armature acts like 
a buzzer and rings the bell. 
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When current is passed through from the loft-hand binding 
post, 'it follows the internal wiring through the lower coil to 
ground. The action of this coil is to keep the armature avray 
from the contact, thus preventing the bell from ringing. This 
would be the condition when No. 3 was rung. When No. 2 is rung, 
the current is passed through the upper coil in the opposite direc- 
tion, with the result that the armature is kept away from the con- 
tact and the bell does not rii^. The same conditions prevail 
when No. 4, No. 5 and No. 6 are rung, so that it will be seen that the 
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Fig. 256. 



bell at No. 1 rt'siionds only to its proper current. By connecting 
tht! a sidu of tlic lino to the left-hand binding post, the bell re- 
sponds to thu combination for No. 3. 

The wiring of the belluse<l at stations 2 and 4 is identical with 
that of No. 1 and No. 3, with the exception that the magnet coils 
are wound in the oppoaito direction. When the bell is used for 
station No. 2, the a side of the line is connected to the right-hand 
binding post, thus causing the current to flow through the upper coil, 
which makes the bell ring in the manner already described. Thus 
the bell is irresponsive to the ringing current for any other station. 

Ill Fig. 2.')? is shown the wiring of the bell used for stations 5 
and (}. It will be seen that the wiring is different from that already 
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described. It will be remembered that the ringing circuit for these 
two stations is metallic. From the right-haud binding post, the 
circuitgoea to the upper hinge on the door, and from thence through 
the upper 900-ohm coil, the right-hand 200-ohm coil to the right- 
hand magnet winding, through which it passes to the hook switch. 
Passing through the switch, it rtms through the left-hand contact 
to the left-hand magnet coil, the left-hand 200-ohm coil, the lower 
900-ohm coil, the lower binge and out at the left-hand binding post. 
Current passing through the magnet coil in this direction, rings 
the bell in the manner already described. When the current is 
XKtssed through in the opposite direction, the magnet armature is 
attracted and the bell does not ring. 
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Fig. 257. 

When this bell is used for station No. <t, the « side of the line is 
connected to the left-hand binding post. It will now be necessary to 
describe tlic manner in which the subscribers call the central office. 

In Fig. S-jS is shown the wiring of a line entering the exchange. 
A 4- volt battery is connected to the line drop, which ia differentially 
wound. The current passes out through one winding of the drojt, 
through the bell circuit at tlie instruments, and returning on the 
opposite side, passes through the other winding. The two wind- 
ings of the drop K'ing ojijiosed to each other, the magnetic effect 
of one is neutralized by that of the other, so that the drop is not 
thrown. When the receiver is removed from the hook, however, 
at any one station, the hook switch in moving upward makes rub- 
bing contact with two springs. Directly this happens, the current 
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from the 4-volt battery passes through one side of the drop and to 
ground, through the middle binding post, the circuit being 
made through these contacts. When the hook switch reachtja its 
highest point, this contact ia again broken, and remains so during 
the conversation. The curreut passing in this way through only 
one winding of the drop, the differential effect is lost, and the shut- 
ter thrown. The drop ia self-restoring. 

In Fig. 259 is shown tlio wiring of the operator cord circuit, 
where the a and h sides of the line are shown at a and h. 

The B. W. 0. System has some advantages and many disadvan- 
tages, some of which were supposed to be especially strong features 
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by the inventors. Among the advantages may be mentioned — First: 
Selective riiif/'uKj. This feature has been shown to be the strong- 
est one that the system possesses, aud it paved the way for the 
inventions in this direction. Second: in small towns and villages, 
it gives a cheap and comparatively good service. 

Among its disadvantagt^s may be mentioned — First; The 
apparatiis both of the telephone and switchboard are very compli- 
cated, and it is impossible to obtain inspectors with sufficient edu- 
cation to properly maintain either for the pay that the companies 
are willing to give. Second: The keyboard wiring is so compli- 
cated that only one set of keys is provided for each operator, 
with which she is compelled to ring on all conls. This necessarily 
tends to slow up the service. Third: The complicated keyboard 
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wiring makes it impossible to provide incoming trunk sections, as 
with only one set of keys to a tnmk operator, this would have to 
bo used on all the tnmk cords in this position, which wotild be 
prohibitive. 

The switchboards are therefore made up into standanl sections 
of from 80 to 100 lines each, Eind the" system of oiierating is iden- 
tical with that employed in connection with the standard switch- 
board. This feature limits tlie capacity of the office to (iOO lines or d 
sections. As a resultinlai^ecities the system isnotat all applicable. 

Fourth: The "Lock-out" device which was supposed to be the 
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strong point, proved to be directly the opposite, and tor the follow- 
ing reason : 

When the lock-out signal is destroyed, tbe subscriber, should he 
desire to use tbe telephone, haa uo lueauH of Ijateulu;^ on tbe Hue to 

aaaiireblmseir that the line is actually ju use. He must wait until tbe 
sljiuat disappears. His natural suspicion of corporations leads him to 
lielieve that the company has devised some scheme to prevent him using 
tlie liiie according? to the contract, and he therefore writes a letter of 
eomplalut to that elTect. 

So serious a source of complaint has this become in some cases, 
that the lock-out device had been abandoned, and the subscribers 
allowed to listen in at will. Experience has shown therefore that 
while the selective feature of the system is a success, the other 
features are not, and as a whole the system does not seem to have 
a very bright future. 

The selective systems to be described directly have retained 
the selective feature, but discarded the others. A very simple and 
eflScient selective system is oue whicli provides tor two jiarties on 
a line, and is wired up as shown in Fig. 2r>0, Each cord circuit 
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both for the A operators and B operators is equipiMxl with a spt'oial 

ringing key which throws the free side of a grouudetl alternating 
machine on either sido of the line. This system was introduced 
conteniiK)raneously with tho common battery syst^'m. The diagram 
shows the regulation conl circuit plugged into a jack on a subscrib- 
er lines to which is wired two stations; for simplicity the line and 
cut-otf rulays are not shown, as they pl;iy no part in the operation 
of the Bystem. Tho ringing key will lie seen to ht}. made up of two 
halves, each one a duplicate of the other. The ringing current 
generator «, one side of whieli i;5 grounded, is wired to the outside 
contacts of both halves. The inner jmints of the right-hand half 
are strapped to the opiK>site middh- rontacts of the left-hand half. 




Fig. 2150. 
If the right-hand half of the key is used, the free side of the gen- 
erator is thrown out on the ring of the ping, while if the left-hand 
half of the key is used, the free half is tlirown out on the left tip 
of the plug. In both cases the ot^ixisite side of the line is grounded. 

At A and B are sliown two telephones, the former having the 
condenser wired to the ring contact line of the jack, and the latter 
having the condenser wired to tlie tip contact of the jack, 

SupiKJse that the right-hand half of the ringing key is depressed. 
The free side of the generator being thrown on the ring of the plug, 
the current therefrom passes out on tliat side of the line, and upon 
reaching tho telephone at A, flows through the condenser and boll 
coils to groimd at ff ringing the bell. Passing on to B the current 
finds an ojx'n circuit at the hook switch. If the left-hand half of 
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the key is used, the current flows out on the tip side o£ the line, 
and upon reaching B, flows through the condenser and bell coils to 
ground at g, thus ringing the bell. This current upon reaching A, 
finds an open circuit at th*; hook switch. The bells are thus rung 
selectively. 

A very good fomi of party selective system has been devised, 
which is more complicated than that already describi-d, and oper- 
ates upon a somewhat different principle. That this principle may 
be understood properly, it will bo necessary to return for a moment 
to the consideration of the nature of an alternating current. 

An alteniating current is usually defined as one that rises from 
zero to a maximum in one direction, then dies away gradiially to 
zero; it then increases gradually in the opposite din-ction to a 
maximum, after which it again gratlually dies away till zero is 
reached. That is, if one of the terminals of an alternating current 
generator is regank-d at the instant of the beginning of the cycle, 
the current will begin to flow with a gradually increasing density 
from the machine out on the line. After the instant of maximum 
flow has been piissed, the current density gradually diminishes, 
until it dies out, but still continues to flow in the same direction. 
Wh<'n the instant that the curnmt density reaches zito has been 
passi^l, it starts to flow in the opposite direction, that is, from the 
line towards the machine, until its density has again reaciietl a 
maximum, after which it dies away until it again reaches zero. 

This fluctuation from zero through a maximum back to zero 
again, in one direction, and from zero through a maximum to zero 
again, in the other direction, constitutes one wave or cycle. 

This wave may be regarded as made up of two impulses: The 
one flowing from the generator terminal to the line and the other 
flowing from the line towards the generator. The first is called 
the positive impvhe; the second, the negative impulse. 

The operation of this four-party selective system consists in 
providing a bt;ll that will be responsive to one of these impulses 
and irresponsive to the others. Iil looking over the situation it 
will be seen that four combinations can be made. 

First: Positive impulse on the rlngof the plug with the tip grounded. 
Second. Negative Impulse oti the riug of the plug with the tip grounded. 
Thinl: PoHitive impultte on tiie tip of tiie plug with the ring gmunded. 
Fourth: Negative impulse tin tlie tip of the plug with the ring grounded. 
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In order that these combinationB can be effected, the gener- 
ator moBt be so constnicted that one brush collects positive 
impulses only, and the other negative impulses only. This can 
readily be accomplished with the usual form of magneto generator 
by making one half of each collector ring out of some iion-con- 
dnctlng material such as hard rubbt^r as shown in Fig. 2fil, where 
bh' represents the armature coll. Regarding the side h, assume 
that tbe direction of the magnetic flux and the direction of rota- 
tion canse the current to flow in the direction of the arrow; then 
the direction of the flow in the side h' will be as indicated by the 
other arrow. Then in the position shown, the left-hand brush will 
be positive and the right-hand one negative. If the collector 
rings were made up wholly of conducting material, then when the 
armature rotates through W" the right-hand brush will become 
positive and the left-hand neg- 
ativc. But if one half of each 
ring is made of hard rubber as 
shown by tbe shaded portions 
on the diagram, then when the 
armature coll has revolved tar 
enough to change the direction 
of current flow in the side J, the 
brush will be resting upon the 
insulated portion and no car- 
rent win flow through it. Sim- 
ilarly, when the direction of cur- 
rent flow In the side h' changes, 
the left-hand brush will be resting on the Insulating portion. As a 
result the left-hand brush will receive positive Impulses only, while 
the right-hand brush will receive nothing but n^ative impulses. 
The ringing key used in connection with this system is so arranged 
that the positive or negative terminal la connected to either side 
of the lino wliih^ the opposite side Is grounded. The wiring of the 
operator's conl circuit is shown in Fig. 262. 

AUTOriATIC SYSTEMS. 

Tinder this heading is included all the systems whereby the 
BubscrilH-r is enabled to provide tlie ])ro]>er connections without 
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the aaaistaiiee of an operator. Syatema of tliia tyiw have beeo 
largely nsinl for some years for what ia known as iiDWa sennce, 
which meaiia interconnection between offices in tlie aanie bnildirig 
or tile like. Automatic systenis have also been devisiHl for general 
use. In thia connection the exchange ia eqiiipj(e<l with tlie auto- 
matic switching device, and no operators are required. These 
latter eyflteniB do not give much promise, as the cost of the instal- 
lation is awiiy beyond that of the ordinary type of switch- 
boards; while the cost of maintenance is also excessive. For ex- 
ample, the cost of a 50-line 
switchboard installed witli 
auxiliary apparatus is about 
$500.00, while the coat of an 
automatic switchboard of 
the same capacity is about 
Sa.OOO.OO. The annual 
charge against an exchange, 
including operator's salaries, 
heat, supplies, niaiutonauce, 
but not rent, is about 
$1,000.00. The automatic 
system has not Ijeen in use 
long enough to enable one 
to get a very correct idea 
of the cost of maintenance. 
But experience, shows that 
it is fully equal to the above- 
mentioned figure, and may, 

that. For house service. 




, the automatic system ia very successful and ia uaed ex 



howe' 
tensively. 

Among the best adapted systeiris of this class is the one which 
ia shown in Fig. 2li:t. Hero are shown four instmments connected 
together. The wiring of the telephone is the same as that of those 
designed for general use. Each instrument is equipped with a 
series bell and magneto generator. One side of all the instruments 
is wired to a commou return wire, in additiou to which there 
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e^tteiids between e&cli oue and its fellows, the same niiml>er of 
wires as tliere are instnimetitti, and eat;li one tertninatea in the 
contact of tile switch placed at each station. These contacts are 
arranged on the circumference of a circle, over which the switch 
lever passes. The heel of the switch lever is permanently con- 
nected to tile opposite terminal of the instrument. These contact 
points are uuiuhered to correspond with the number of the station 
with which they connect. When the telephone is not in use, the 
switch lever sliould be left on the contact whose number corre- 
sponds with that of the instrument. 

lieferring to the fi(jnre. Suppose that station No. 1 wishes 
to call station No, 2. llie switch lever at station No, 1 is moved 
froui contact No. 1 to contact No 2 and the generator turned. 



TliB ringing current flows from the generator at No. 1, along the 
common return to station No. 2, thence through the generator and 
bell to the op]H>site side of the lever, rassiug through the switch 
lever which rests on contract point No. 2, the current flows along 
wire No. 2 to the No. 2 contact at switch No. 1, and through the 
switch lever through the liell back to the generator. Transmission 
is carried ou over the same circuit. If the party at No. 1 desires to 
communicate with station No, 3. the switch lever is moved to con. 
tact No, 3 and the party rung up. The circuit is made up of the 
common return wife to station No. S, thence through the instru- 
ment to the switch lever. Passing through the switch lever to 
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contact No. 3, it follows the line to contact No. 3 at station No. 
1, from which it paases through tho switch lever to the opposite 
side of the telephone. By the same method each one ot the other 
stations can call any of the others. In the lignre No. 1 is in posi- 
tion to call up No. 4. 

From the nature of the wiring, it will be seen that when a 
telephone is not in use, the switch lever must l)e always left on the 
contact whose number corresponds to that of the station. That is, 
at station No. 1, the switch lever must be left on contact No. 1. 
while the instrument is not in use; at station No. 3 the switch 
lever must be left on No. 2, etc. 

Consider what would happen if this were not done. Suppose 
that through carelessness or other cause, the switch at No. 1 were 
left on contact No. 4, and that station No. 4 wished to call up No. 
1. The party at No. 4 would move the switch lever to contact 
No. 1 and ring, but under these conditions the circuit would be 
open at the contact at station No. 1, so tliat this station could not 
be called. It is, however, possible to arrange the wiring so tliat a 
station will get a ring even if liis switch is not on the home station 
point, although it must be placed there before conversation can be 
carried on. 

One defi«t of this system lies in the contact buttons of the 
switches. Being exposed to the air, they are ajit to become cov- 
ered with dust, and thereby the electrical contact is made very 
poor, in fact, it sometimes happens that the dirt accumulation is so 
thick as to prevent contact from being made at all. To overcome 
this defect, the switches are sometimes replaced by jacks and plugs. 
Under these conditions each station is equipped with a small box 
containing the same number of jacks as there are stations. Each 
jack is numl)ered to correspond to the number of the station to 
which it is wired. To call, the plug is inserted into the proper 
jack and the generator turned. When the telephone is not in use 
the plug is left in the jack corresponding to the nnmljer of the 
station. This jack fs called the home jack. 

Various devices have been brought forward from time to time 
with the object of doing away with the necessity of returning the 
switch to the home contact, or placing the plug in the home jack. 
The most successful of these is the one put forth by the Holtzer- 
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Cabot Company, of Boston, MaBs. The feature of this system 
conslata of an automatic tneclianiaio which causes the switch lever 
to return to the home button op contact, when the receiver is huug 
up. In addition it also makes use of a common signaling wire. 



The ineclianism of the apparati 





Fig. ; 



shown in Fig. 264. The hook 
switch and the switching 
mechaniein are contained in a 
l>ox,on the outside of the door 
of which is placed the switch 
lever and the contact buttons. 
Outside of the latter and in- 
sulated from theiu is a metal 
arc-sliaped piece, which the 
end of the lever does not nor- 
mally touch; but liy pressing 
the lever, electrical contact 
can be made l)etween the two. 
To this arc is connecte<l the 
common call wire. Fastened 
to the shaft of the switch 
lever, and placed inside of the 
box is a ratchet whet4 a into 
which fits a pawl h, Imid in 
place by a spiral spring i:. 
The hook switch is shown at 
<l and 1ms its heel equipped 
with a hard steel dog c pivoted 
at /'. Tliis dog is brought 
back tiy the spiral spring ;/ to 
the position shown. The 
ratchet wheel n is, when left 
'd spring (not shown). 



free, rotated clockwise liy 

The receiver being on tJie hook, the ])arty wishing to call 
moves the lever till it touches the ]troj)er contact button, and press- 
ing it till it makes contact with the arc, calls the desired party. 
As the lever is rotated so is the ratchet wheel, and the pawl retains 
it in the proper position. When the receiver is hung up again, as 
the heel of the switch moves up, the dog c engages in a notch at 
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its top, and lifts it clear ofE the ratchet teeth. The ratchet wheel 
thus being set free is rotated uuder the actiou of the coiled spring 
towards the home position. Since the dog a engages the notch in 
the pawl only momentarily, as the heel of the switch passes upward, 
it would slip back and engage the ratchet teeth before the wheel 
had returned to the home position, were not some means taken to 
prevent it. To this end the pawl is provided with a pin A, which 
as it passes upward engages with a second dog i, preventing it 
from ^ain returning to its downward position. This second dog 
is tripped by the ratchet wheel Just as it reaches the home position, 
allowing the pawl to fall at the proper time, 

MAINTENANCE. 

General Remarks. Tlte general plan of organization followed 
by the majority of the telephone companies at the present time, 
calls for the following dej)artments: 

The Enginctrhig DcjHirtnicnt, whose business it is to design 
the plant to be used and to supervise its constniction. The Con- 
Ktruct'nm Department, which has to do with the building of the 
plant. The Tiiiffic Di'jHirtment, which has to do with the opera- 
tion of the plant. The Muintcnanae BejHirtment, which has to do 
with keeping tlie plant in condition necessary for its proper 
operation. The Siq>plij Dej/urt/iieut, which is concerned with the 
feeding of the plant. 

There are two other departments which are found to be nee- 
essary in all large companies, and they are, the Contract DejHirt- 
ment and the Iii(jht "f Wmj DejHirtinciit. The functions of these 
two latter are indicated by their titles. It is not the purpose of this 
article to discuss the subject of organization, but to prefix a treatise 
on the subject of maintenance, by a few general remarks on the 
duties perfonned by each department of a well organized company. 

THE MAINTENANCE DEPARTMENT. 

The MuliUi-naitcc D-'j^irtmciit has been defined as that 
which has to do with the keeping of the plant in such shape that it 
can be properly operated. It will now be necessary to learn the 
method of organization and the nature of the work to be per- 
fonned, in order that the plant may l>e so maintained. 
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Tbe subject of iiiaintenaiicu is best studied under the follow- 
ing lieiids; Ej'dianijn Ma!ntenam:e, Liiii: Miihitfiimice, and .*'V'(- 
timi MnUiteitaiu-e. Tlie first, as its name indicates, treats of the 
maintenance of the central ollice apparatus; tbe second treats of 
the maintenance uf the line; while the third relates to the main- 
tenance of the subscriber t<?lepbone. 

It should t>e meutioned here in paHsiut; that line uialiitenance diiea 
not include tbe lualutenaiiceof cablei*; tlil« work belntf done hy the cim- 
Htrucllou department fur reasons which It m not necetuuiry to ftute. 

The subject ot central ofKce niaintenanee will Ixi taken up 
first, and in this connection it will l>e learned bow and where the 
trouble is first reported; to wlioni the trouble reports are sent; bow 
they are recorded and tbe trouble tested, and what Btej)s are neces- 
sary to l>e taken to clear thetrouble, whether it Ixi in the exchange, 
on the line or at the station. 

METHOD OF REPORTING TROUBLE. 

From the fact that tlie traffic department o|)erates the plant, 
it would be the first to note any defect in its condition, and so all 
tronble reports originate in this dejtartment. Besides the cases of 
actual trouble, there is a second class of irregularity called " Don't 
Answer", which, as the name indicates, refers to all cases in wliicli 
tbe ojwrator is unable to make the called subscrilx^r answer the 
telephone. These "Don't Answers", as they are called, are re- 
ferred to tlie monitor in the exchange into which the called sub- 
scriber's telephone line runs. If after trial this ofticial is inmlile 
to obtain a response from the called party, the case is referred, 
together with the actual trouble, to tbe maintenance department. 
A record of all trouble reported is kept by the traffic department. 

ORQANJZATION OF MAINTENANCE DEPARTMENT. 

The method of organization of tlie maintenance department 
will depend largely on the nature of the territory to Im covered 
and the volume of business to be bandlM. A typical system of 
organization will be given, however, which will cover all the 
essential features. 

Tbe department is presided over by a superintendent, who in 
addition to the necessary clerical force, should have tbe following 
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liutitenants; A district inspector, a foreman of inatrniiient set- 
ters, and a foreman of inspectors. Reporting to tlie district in- 
spector, there should be in each exchange a wire chief, whose duty 
it is to test all trouble reported, to direct the force of men who 
clear the trouble, and to see tliat the central office is kept in proper 
condition. The size and nature of the force reporting to the wire 
cliief will depend on the size of the. exchange, and the extent of 
territory covered by the district. In the large exchange, it will Iw 
found necessary to provide hm assistant wire chief in addition to 
the inside trouble men. Where there is an assistant wire chie.f, 
he is the man who does tlie actual testing; the wire chief having 
enough to occupy his time in the general supervision and care 
of tlie office. 

The duty of the inside trouble men is to clear whatever trouble 
occurs to the switchboard and central office apparatus. The requi- 
site number of these men will depend altogether on the size of the 
office and the volume of business handled. For the purpose of 
clearing line ti-ouhle a force of outside trouble men is needed. 
These men must l>e linemen, and capable of handling all trouble 
that occurs to the o[)en-wire lines. 

The instrument or subscrioer station trouble is handled by a 
force of inspectors who are familiar with the method of o|H'r»ti(m 
of the various telephone instruments, and are therefore able to 
keep them in proper working order. 

The usual arrangement is to have the outside ti-onble men, 
together with the central office force, report to the wire chief, wiiile 
the ins|K'ctors rejwrt to their foreman This plan is considered lo 
be the lient practice, but is not always followed. 

The Foreman of Inspectors has under him his force of in- 
spectors, who keep constant watch over the Bul>scril>er stations. 
Tlie usual method is to divide the territory into "Routes", assign- 
ing an insj>ector to each route. The inspector visits constantly 
the telephones on his route, taking each in its turn, repairing what- 
ever defects he notices, and keeping them in first-class general 
working order. lie is also called upon from time to time, as 
occasion arises, to clear whatever trouble may occur to the telephones 
under his jurisdiction. To this end he is ri-quired to keep in con- 
stant touch with the wire chief of the exchange, within the district 
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of whivli his route lius. In caseB where Leclanche batteries are 
Qsed, he Ib required to carry in hiB satchel, in addition to the 
necessary tools, a supply of sal amiuoniac and battery zincs. Where 
Fuller batteries are used, he carries in connection therewith only 
a small bottle of mercury. 

The work of renewing the batteries is here delegated to a sep- 
arate force of " battery men," who are provided with wagons, car- 
rying battery acid, zincs, carbons, and jars, and who are assigned to 
routes similar to but larger than those assigned to the inspectors. 
These men are also required to clear special battery troubles, and 
are therefore required to report regularly to some one delegated to 
receive reports of this nature. Where the battery route lies wholly 
within one exchange district, the battery man reports te the wire 
chief. Where the route lies within the districts of more than one 
exchange, the wire chiefs of these exchanges report their battery 
troubles to an assistant to the foreman of inspectors, and the bat- 
tery men are required to keep in touch with this official. Usually 
the battery men come under the jurisdiction of the foreman of 
inspectors Where the work is very heavy, however, a special 
foreman is assigned to look after this work. Where the common 
battery system is used, the battery renewal work is eliminated. 
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PART VI. 



MAINTENANCE.— (Continued.) 

The Foreman of Instrument Setters has under his direction 
the force of men wlio equip the siibecriber stations witli the neces- 
sary telephones. Their work consists, in additiun to placing new 
teleplioiiea, of renewing and replacing working telephones, upon 
the Bnbscribers changing their addresses. Upon tlie completion of 
snch work tliey are required to call the wire chief of the district 
in which this work is done, in order to keep him posted and assist 
liim in making whatever tests he deems necessary. The organiza- 
tion of the maintenance department having thus been treattd in 
outline, it will now be necessary to take up each sub-departinent 
in detail, and follow closely the work performed. It will be 
assumed that the student is familiar witli the nature of a modern 
telephone plant, both in regard to cireuita and apparatus used. 
Wherever it becomes necessary to refer to circuits or apparatus de- 
signed for maintenance purposes, these will be given in fullest detail. 

The District Inspector. This otiiciat is the one to whom the 
wire chiefs report. He should be a thorough maintenance man, 
and is usually graduated from the position of wire chief. lie is 
responsible for the condition of the exchanges and the lines. lie 
receives monthly reports from each wire chief, which show the 
number of troubles reported; the number of such cases in which 
actual trouble was found upon testing; the number of sucli cases 
which were found to be without actual trouble u]>on testing; the 
number of " Don't Answers" reported, and the numljer of these 
reports that proved upon test to be eases of actual trouble. A 
report is also sent in from each exchange showing the numlter of 
troubles cleared by each trouble man, and the average time occu- 
pied in so doing: 
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These reports form a basis for a inontlily report which the 
District Inepeititr is required to forward to the Superintend- 
ent. The reports above referred to, are useful not only in de- 
termining the character of the employes' work, but also in deter- 
mining which portion of tlie circuit or apparatus is most apt to 
get into trouble. From tliese reports also, the requisite informa- 
tion is obtained for determining the size of force necessary for 
the proper maintenance of the plant. It is in the analysis of 
these reports that the experience of the district inspector becomes 
useful, in rendering him able to compare the actual conditions 
with those which should obtain in an ideal plant. In addition to 
tlie handling of reports, the district inspector is called upon to 
transmit all necessary orders to the wire chiefs, and to see that 
tliey are properly carried out. The duty of ordering supplies, 
and extra apparatus for maintenance purposes also devolves u[)oii 
him, and he is the sole judge of the amonnt of such material nec- 
essary to be kept on hand 

The Wire Chief. The duties of the district inspector having 
been described, it now becomes necessary to take op those of the 
man who has in hand the actual maintenance of the plant, the 
Wire Chief. lie is the officer on the firing line as it were, and he 
is directly responsible for the condition of the district. Every- 
thing depends on the wire chief. If this official is of the right 
caliber, he will see to it that he has the right sort of assistance, 
and that his force, both within the exchange and without, attend 
properly to their duties, under his direction. lie should be a man 
who is not only thoroughly familiar with the details of the plant, 
both within and without the exchange, but also with the habits of 
the men of the class whom he has to direct. lie must be able to do 
all the necessary testing with the utmost dispatch, and to properly 
direct the men in clearing trouble. An exchange maintenance 
force with a poor wire chief is like a ship without a rudder. 

The following routine business passes through the wire 
chief's hands : 

Testing and clearing all cases of trouble within the escbange dis- 
trict. Uivlug the couBtnictioii gauKB and the hiBtniment setters, O.K. 
reports when Itieir work is properly <lone. Receiving tLe rejiorts of the 
iDspectora and battery men, Su|iervltiing the renewal of linea tbat have 
been discontinued. 
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At this point it will be well to follow the courae of some of 
the ordere which reach the wire chief for final actioD. The order 
for a new line will be taken as an example. 

The new-line orders are made out in the General Superin- 
ttntleiifii office and are then sent to the construction department for 
the proper aaaiguinent of conductors. The conductor assignment 
liaving l)een placed upon the order, it is then sent to the mainten- 
ance department, after the requisite information has been taken off 
to enable the construction gang to build the line. Upon its receipt 
at the maintenance-department office a duplicate ie made out for the 
foreman of instrument setters, the original being sent to the wire 
chief, within whose district the new line is to lie. Upon receipt 
of this order the wire chief has the cross connection properly ran on 
the main distributing frame, and sends the order to the exchange 
manager for his information, and for the purpose of enabling him 
to enter upon the order the answering jack assignment. The order 
is tlien returned to the wire chief, who has the proper cross con- 
nection made on the intermediate distributing frame, and where 
the magneto system is used, the line drop is placed with the new 
line number and whatever symbol is used to denote the particular 
class of service. Where the common battery system is used, in 
addition to running the cross-connection at the intermediate jack, 
the proper number plate must bo placed over the answering jack, 
and a lamp cap, marked to denote the particular class of service, 
placed over the line lamp. 

In the meantime, when the construction gang which has been 
busy building the line, finishes its work, the wire chief is called 
and a thorough test made to determine whether or not the proper 
conductors have been used, and of proper continuity and insulatiou 
resistance, Tlie construction foreman is then given an O.K., and 
this is recorded on the order, together with the time of day and the 
name of the foreman. The line is now ready for the instrument 
setter, and when he finishes his work he calls the wire chief and 
the line is given a complete test. 

Nature of Tests and Testing Apparatus. The nature of the 
teste made, and the nature of the testing apparatus used in the 
routine work of central office maintenance, will now he described. 
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Leaving out of consideration for the present tlie aubBcriber 
station, tbe troubles to be cleared by tbe maintenance force are 
classified under the following beads: 

1. Crossee, Iti which one or boll) Bides of two metallic circuitx come 
Into electrical contact, so that couveraatloti on one can be lieanl on tlie 

2. Upene, in which one or both eideBof a circuit become elect ri catty 
diecouttnuouB. 

8. Short circuits, In which one Bide of a circuit comes In contact with 
the other side, thereby cutting out or isi)1atlug Uie tenninal apparatus. 

4. tirouuds. In which one or l>utli sides uf a circuit fonu electrical 
contact with tlie earth, rendering the Hue more or lens noiay, and the cou- 
veraatiuu indisttnct. 

The introduction of the common battery system, has introduced a 
HfCh ctassof trouble called "low trieulation", which refers to tlie condition 
where the iDsulation of Ilie line has become uo low that, wtiile it dues nitt 
Interfere with converaatlun, it prevents tiie proi>er working of tlie tine 
and BupervfBory signals. 

With tbe magneto system, tbe following conditions obtain 
on the subscriber — sending, ring-down, and common trnnks. A 
metallic circuit closed at tbe distant end through tbe liell nt the 
subscriber telephone, or drop in the case of a trunk, and Ht the ex- 
change end, closed tlirough a drop in the first and last named cir- 
cuits, or standing open tlirougb tbe multiple in the case of a 
sending ring-down trunk. All circuit trunks, whether incoming 
or outgoiug, are closed through repeating coils at both exchanges, 
so that under normal conditions all circuits show closed towards 
the foreign end, and all circuits except sending circuit truuka and 
sending ring-down trunks, show open towards the home exchange, 
if tbe teat is made inside of tbe repeating coil. With the common 
battery system, on the other hand, the subscriber lines test open 
towards tbe telephone, or distant end, and open towards the ex- 
change when tbe cut-off relay is energized. The outgoing ring- 
down trunks show closfd as before, as do the outgoing circuit 
trunks to magneto offices. The outgoing trunks to relay offices, on 
the other baud, show open under normal conditions, owing to tlie 
presence of tbe condenser cut into the repeating coil at the distant 
end. All circuits except the incoming ring-down trunks, if there 
bo any, show closed towards the borne exchange, if the test is made 
, inside of the repeating coil. 



,y Google 



TELEPHOXV 299 

Tlie tests inxtli' l>y tbi^ wirt! ciiief are hy no means as elaliorate 
as tluitie nsfd by tlie cable itiaintenauce dnjjartrnunt iii locating 
faults. TLey are siicli as can be made very rapidly, and yet are suf- 
iiciently accurate to enable the wire chief to determine where to 
look for the trouble. Before golnfj into the details it will be neces- 
sary to consider the fjeiieral plan followed in locating tronble; after 
wliich the detail tests, with the apjiaratns used for botli the mag- 
neto and common buttery system, will be followed out. 

When a trouble is reported to tlie wire chief, his first duty is 
to determine whether it lies within the exchange or without. Arjy 
troniile which is located on the inain distributing frame, or in the 
office wiring between this jMjint and the last section of ewitchWard, 
is said to be an inside trouble. Uut if it is located in the wiring 
anywhere between the main frame and the subscriber station, it 
is said to 1h* ontside trouble. Some troubles are of siich a nature 
tbat their location can be determined without any special test, 
while others nwessitate a stieceBslon of tests before the requisite 
knowledge is determined, A trouble being reported, the line in 
qnestion is first taken up at the main frame and a lest made 
U'tween this point and the switchiioard. If this portion of the 
line is found to be in good working order, a test is then made 
Ijetween the main rack and the snbscrilwr station, and the trouble 
will lie found to be located in this portion of the wiring. The 
portion- of the line in which the trouble is located, must next be 
determined, and the method of so doing will be described later. 
Should tlie tronble be located in tlie exchange wiring, the line is 
again tested between the main and intermediate frames. If this 
|)ortion proves to be in proper condition, it is tested l>etwcen the 
intermediate frame and the first section of switchlxMird. then 
between the first and last sections of switchboard, the process l)eing 
re[)eated until the defective portion has been fonnd. 

The apparatus used for testing in connection with the com- 
mon battery system differs materially from that tised with the mag- 
neto system, and the nature of the tests used differs also, on account 
of the difference in the natures of the circuits used in the two sys- 
tems. With the magneto system all circuits, with the exception 
of the incomiiig end of circuit trunks, are normally closeil. With 
the common battery system- on the other band, all circuits test 
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normally open. Again, the presence of enrrent on tlie line continu- 
ally, ill the case of the coninion battery syeteiii, ^ves an additional 
means of testing, which is not present in thy magneto system. 

In connection with the magneto system, the eircnit shown in 
Fig. 205 is the one made nse of by the wire chief. It consists of 
the following : A ping n. is wired to a ringing key i, the gener- 
ator being shown at ''. The listening key is seen at (/, the wires 
leading to the wire chief's telephone being shown at /'. At <; is 
seen a battery of 3 Fuller cells, which is wired to a telegraph relay 
f. so that when the plug " is inserted into a closed line, current 
s throngli the relay, energizing it and drawing the annature i 




KiR, 20.-.. 



np against tlie contact ]>oint/(, closing the auxiliary circuit contain- 
ing the hattery and the telegraph sounder ij. The Bounder is used 
lo intensify the noise made by the cloaing of the relay, thus giving 
the wire chief an oral test. At / is shown another ping wired to a 
reversing key (/(. which is grounded at n, so that this ground can 
be thrown on either the tip or ring, as desired. This circuit is used 
in testing crosses, as will be explained later. 

This circuit is plHc*«l on the wire chief's desk, which is wired 
like the operator's keylioard. A second class of circuits must now 
be provided for use in enabling the wire chief to get access to the 
line to be tested. These latter circuits are called "the wire chiefs 
trunks". Tile following trunks are usually provided: One or 
more to the iirtit s.viion uf swili-iilMwrd; one or more to the laat 
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section; one or more to the niain dietrihntin^ fmine, and one to 
each one of tlie incoming tnnik poaitiona. The wire chief's desk 
is lastly equipped with lines to the switchboard for use in ordinarv 
conversation. 

In Fig. 200 is shown the wiring of a line to first and last 
sections of switchlKwrd. It consists of a cord and plug a, placed 
on the switchboard and wired to a jack h placed on the wire chief's 
desk, thei-e U'ing no drops placed at either end. 



'□_ 



Fig. 206. 

In Fig. 307 is sliown the wiring of a line to the tnink posi- 
tions. It consists of a jack a placed in the multiple, and wired to 
a jack /' placed at the wire chief's desk. 



FiR. 2G7. 

In Fig. 208 is shown the wiring of aline to the main distrib- 
nting IxMird. It is rather more complicated than any of the otheis, 
and is arranged to cnt off one part of the line while the other part 




is being tested. Two special jacks iJ and iV are placed on the wire 
chief's desk. Their. sleeves e and c' are not connected. The spring 
5 of (J, is wired through the contact points to the spring 7 of *?'; 
and the spring of '/ is similarly wired to the spring 8 of c/'. At 
II and <i' are shown two hard rubber pinga with one face bevelled. 
The face of each of these pings is equipped with a German silver 
clip b and h', while the two bevelled faces are equipped with two 
(lernnm silver clips '■ and '■'. Following out the circuits, it will 
be seen tliat the spring 5 is wirwl to /<; the spring to//; the 
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spring 7 to f, and the aprinj^ 8 to r'. At 1 and 2 are sliown the 
heat coil springs of a line on the main distributing frame; and at 
ij and 4 are shuwn the groiiiul springs. The httat coils are snp- 
jK)Bed to occupy the Bpaeea 1 and 3, and 2 and 4; while the carbon 
plate arresters fit in between 3 and 4, 

When a line ia to t>e tested, the heat coils are removed from 
the springs, and the l)lng '/ is inserted between 1 and 3, and the 
ping <i' lietween 2 and 4. When in position the spring 1 makes 
contact with the clip i-, and the spring 3 makes contact with the 
clip /'. Turning to the other ]>lug, the cb'p A' makes contact with 
the s])ring 4, and the spring 2 with the clip r. Under these con- 
ditions, the line coming in from outside jMssea from the epriug 3 
to the clip /', thence to the jack spring 5, and through the con - 
tttcts to the jack spring 7. Tlience to the clip ^- and the beat coil 
spring 1 to the switcliboard. Ketiirning to the heat coil spring 3, 
it jmsses through the clip i' to the jack spring 8, thence through 
the contacts to the jack spring (}, to the clip 0', the ground spring 
4 and out. If a plug he inserted into the jack i/, the contacts at 5 
and (» iH'ing broken, the switchboard end of the line is cut off, and 
communication is established with the outside portion. On the 
other hand, when a plug is inserted into the jack (/', the contacts at 7 
and 8 are broken, the outside end of the line is cut off and commu- 
nication is established with the switchhoard. In addition to the 
above circuits, the wire chief's desk is equipped with an order circuit 
to the first section, and one to the last section of the switchboard 
and one to eiich incoming trunk operator. 

The next point to In; considered is the method adopted by the 
wire chief fur testing the troubles that are re|(orted to him. In 
this connection, it will be well to go over tlie nature of the troubles 
that he may he called njx>n to test. 

TESTING FOR TROUBLES. 

Troubles may he divided into three classes: 

(1) TlidHe altuateil hi tlie wiriug of the Hue, whetlier witlilu tlie ex- 
clian)re or without. 

[•2) TliiiKe ill tlie a|>|)aratuH of tlie excliaii)^, hui'Ii an the drup 
itrjack. 

(:!) Tliuse in the atiiiaintiis uf llie snliMcriber teleplioue. 
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Th« first class are called vir'uuj troubles, the eecoiid, <ij'ikii-a- 
tun troubles, and tlie tliird, Hf"t'on trouhUn. The wiring troiibleB 
are the only ones which the wire chief is able to test oiit with the 
apparatus described. Wiring troubles are divided into five classes: 
{a) Opens; (J) Grounds; (<■) Short circuits; {<!) Crosses; (c) Es- 
capes. Opens are caused by a parting of the wire on one or both 
sides of the line. Grounds are caused by one or both sides of tlie 
line coming in electrical contact with the earth. Short circuits 
are caused by the two sides of a circuit coming in electrical con- 
tact. Crosses are caused by one or both sides of one circuit com- 
ing in electrical contact with one or I)oth sides of another circuit. 
Escapes are nothing more than liigh resistance grounds. 

Opens are detected by the fact that the subscriber cannot be 
rung over the line. If a long line made up largely of cable con. 
ductors l)e open on one side it is often possible to carry on conver- 
sation over it. But the alternating current iised for ringing is not 
of sufficient frequency to pass the gap, therefore the signal cannot 
1)6 transmitted. 

QFOunds are detected by the fact that the line becomes noisy, 
and when the ground is heavy on both sides, it ainouiits to a short 
circuit and the subscriber is cut off from all communication 
whatsoever. 

Short circuits are detected by the aubscril^er being thus cut off. 

Crosses between two lines are detected by the fact that a per- 
son conversing over one line can be heard on the other line 

Escapes are detected by the presence of noise, when the line 
is connected to a long-distance trunk. 

When an ripen is reported to the wire chief, his first duty is 
to determine whether or not it is situated outside of the exchange. 
To this end he removes the heat coils from the arrester springs and 
inserts the plugs ii and «'. Fig. 268, in the manner already shown. 
Tlie plug <i of the testing circuit, Fig. 2(i5, is inserted into the 
jack (J, Fig. 268, thus cutting ofE the switchboard end of the line. 
If the open is located outside of the exchange, the relay _/", Fig. 
265, will not be energized when the plug is so inserted; for the 
circuit being open, no current can flow tlirough it. If the open is 
located within the exchange, on the other hand, the relay will be 
energized when the plug is so inserted, and the click of the sounder 
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will ]in heard. If this lattur condition obtaiiiB, thu J>lug is then 
inserted into tlie jack rf', Fig. 2(SS, thus cutting off tlie outside 
portion of tliH line, and eetabliBhing communication with the 
Bwitcliboard. The presence of an open is detected in the Bame man- 
ner as before. The plugs u and a\ Fig. 208, are then removed, and 
the heat coils are replaced, care being taken to test both of them 
for opens before doing so. The wire chief then goes in on the 
order wire to the operator at the last position of Bwitchl>oard, and 
directs her to place one of the plugs a. Fig. 266, into the multiple 
jack of the line in question. The test plug is then introduced into 
the jack fi, Fig. 266, and an inside man is directed to short circuit 
the line on the main distributing frame with hia pliers. Should 
the line show open still it is cleared at the last section, and the 
operator at the tirst section is directed to plug it up, using a sim- 
ilar circuit, while the short circuit is maintained on the main rack. 
Should the Hue show closed from the first section, the open is 
located in the switchboard wiring Bomewbere between the first and 
last section. 

Assuming that such is the case, the inside man removes the 
short circuit from the main rack, and going to the switchboard, 
sticks a plug, the ring and tip of which are short circuited, and 
which he carries in his pocket for the purpose, into the multiple 
jack on the second position. If the line then shows closed, be 
removes the plug and places it in the multiple jack on the third 
position. lie continues this process until the line again shows 
open. When this occurs, he knows that the open is located between 
the section where it last showed closed and the section where it 
first showed open. 

Again, if when the line is tested from the first section of 
board, the short circuit being placed on the main fratue, and it 
shows open, it will prove that the trouble ia located between these 
two points. Under these conditions, the inside man is directed to 
short circuit the line at the intermediate distributing board, and if 
upon 80 doing, it tests short circuited, the open will be located 
between the intermediate and main distributing boards. This 
method of testing will be understood more easily by referring to 
-Fig, 26!', which shows in outline, the circuit in question from the 
main frame to the last section of switchboard. Suppose that a and 
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h represent the main and intermediate frames respectively, and c, 
''i t'l/) y-< ail's I'l the multiple jacks. Let .i- be the point where the 
line is open; let 1 and 2 be the tip and ring of the testing circuit, 
which is shown much simplified. Tlie test battery is at » and the 
relay at _;. With the conditions shown, if the line be short cir- 
cuited at the main frame, it will nevertheless test open as one 
side is open at x. If now the test plug l>e placed in the jack '■, 
the line will test short circuited, because the open ia beyond the 
testing point. Leaving the testing plug at i; removing the short 
circuit from <?, and putting a short circuiting plug in f/, the line 
will again show closed, as it will i£ the plug be placed at c. But 
when the plug is placed at/', the line will ti'st open, because the 
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open lies between the testing point and the place where the line is 
short circuited. The test eonld also tw made by placing the ping 
at^', removing the short circuit from ", and placing the short cir- 
cuiting ping successively at <j,f, and t-. In this case the open lies 
between the jack where the line first showed open and the last 
jack, where it showed closed. 

Trouble located between the first and last section of switch- 
board, is said to be in Che multiple and is usually found at the point 
where the cable conductors are soldered to the jacks. It should 
be remembered that in the case of a bridging board, a separate 
test must be made on tlie answering jack wiring, and the answer- 
ing jack wiring must be cut off when a test is made on the mul- 
tiple. This is accomplished by unsoldering the wires at the inter- 
mediate distributing board. 

On very rare occasions the cable conductors open in the 
cable. Wlien this hap|H'ns the defwtive pair is unsoldered from 
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the jacks at the two sections Iietweeii which the break is located 
and a spare pair, with wliich the ealtle is equipjied, is Biih3titiite<i. 
As a parting remark, wlien a line is tested at the main rack, great 
care must be taken to test tlie beat coils for continuity before 
they are replaced. For should the open be located at this point, 
the line will teat (). K. when taken up at the main rack, but will 
immediately show open when the heat coils are replaced. Tins 
combination will cause the wire chief a great deal of tn>iil>Ie 
l>efore the defect is located. 

The method employed fur testing heat cxiils is to use two or 
three dry cells c<)iinect«?d in series with a buzzer, Tlie two 
terminals of the circuit are soldered to two clijis, one shajjeii like 
the heat coil spring and the olher like the ground spring of the 
arrester. They are also sejiaratwi liy the same distance as these 
springs. The heat coil to l)e tested is placed between these two 
clips, closing the circuit and sounding the buzzer if it is in proper 
condition. If tlie buzzer fails to sound, it shows that the heat 
coil is open. 

As has been already stattid, a (/r"iihi! is caused by one or 
both sides of the cii-cuit coming into electrical contact with the 
earth. When a line is grounded on both sides, the effect is 
similar to a short circuit. The characteristic effect of a ground is 
to throw noise on the line due to the presence of the earth currents 
on the line. Tlie wire chief, in testing, therefore, h;ia to locate 
the point at which the noise originates. He is assisted by the 
relay and sounder, but the final adjustment must lie made by tin- 
ear. The routine adopted in making the test is the same aa that 
employwi in testing ojiens, 

Tlie line is first taken np at the main rack, the testing circuit 
Insing inserted into the jack if. Fig, 2l)*^, thus cutting off the 
awitchlKwnl end. If the line t>e grounded outside, the i-elay /. 
Fig, 205, will be closed by the current from the battery c, flowing 
over the line to the grounded [wint, and returning through the 
ground x to the relay. But since the same condition will prevail 
on a normal circuit as on a grounded one, the only way to differ- 
entiate is to feel with the finger the pull on the relay armature. 
In the case of a normal circuit, flie line is closed through the 
1,000-ohm l>ell, and the current tlow through the relay is deter- 
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inintxl by tlie E.M.F. uf tlio battery dividtnl by tli« reBistance of 
the lint! and Ixtll tofrether. When tlie line is jjroiin(ied, liowovor, 
tlm return circuit is niad» through the eartli, if the buttery is con- 
nected to the gronnded side of tlieline, and the Iielliscntoiit. Tlit.' 
resistance of the circnit carrying the testing Iwittery is reduced by 
this amount, and the current flowing through the testing relay is 
proportionately greater, bo that the pull on the testing relay arma- 
ture is greater under these conditions, than is the case with a nonnal 
line. To ensure tlie testing buttery being cut in on the grounded 
side of the line, the relative poiiition of tlie testing plugs " and ii'. 
Fig, 2fW, must Imi ivverrfeil. This jioiiit will be uiiderst«x>d better 
by referring to Fig. ^70. where 1 and 2 ivpreseiit the two sides of 
a line with the telephone l>ell at <i. The tip of the testing plug. 



Fig. 270. 

Fig. 21)5, is shown at '-, and the shank of the plug at c, the relay at 
h, the Imttery at/j and the two grounds on the testing circuit at </ 
and /'. Tlie trouble is located at ij. With the conditions as shown 
in the figure, the Itattery is on the side of the line opposite to the 
ground, so that the testing battery must flow through the bell coils 
to reach g. The portion of the line l>etween <j and e is the only 
jKirtion cut out, and the resistance cut out of the circuit thereby 
l)ears such a BUiail proi^rtion to the resistance of the whole line, 
that the current through h is not iucreiised sufficiently to make 
any material difference in the pull of the relay armature. If now. 
the relative positions of o and « are changed, so that the testing 
battery is sent out on the No. 1 aide of the line, the l)ell coils are 
cut out, and the pull on the relay armature increased sufficiently 
to be readily detected. 

The above conditions hold good whether the ground is located 
within or without the exchange, for in the former case, the drop 
coil takes the place of the bell coil, and the circuit tests out the 
same way. Assuming that the trouble is locate<l in the exchange, 
the same process is carried out as in the case of an open, with the 
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exception that the defective portion of the lir.e must l>e cut off in 
every case. The defective line beiiif/ oi-dered up on t)ie last sec- 
tion, it is opened at the main intermediate distributing ])oard. If 
under these conditions the line clears, the trouble nill be located 
between the main and intermediate distributing boards. If on the 
other hand the line still shows trouble, the wire chief knows that 
the defective point lies between the intermediate board and the last 
section of switchboard. 

If the switchboard is of the series type, and the ground be on 
the spring side of the jack, the ground can V>e located by using a 
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Fig. 271. 



plug made of hard rubber, or an ordinary pitig to which nothing is 
attached. Because plugging into the jack opens the line, bo that 
by plugging on each section the defective portion of the line ia eut 
off until the section on which the ground is located is passed. The 
ground will be located between the last section on which the trouble 
was cut off on plugging in, and the tirst section on which it was 
not. Since it is not practicable to unsolder the multiple jack wir- 
ing, some other device must be resorted to in the case of a bridg- 
ing BwitchlKiard, or a series board, when the trouble is on the ring 
side of the jack. 

Such a device ia shown in Fig. 271, and depends for its action 
on the ability of the ear to detect the diminution of the flow of 
current in a receiver, caused by the resistance of the switchboard 
wiring. It has proven to be very useful and saves a great deal of 
time that would otherwise be wasted in searching through the 
switchboard wiring. Here the multiple jacks are shown at<7, h, r, 
<l, and c; the trouble being located at g, between b and c. The 
answering jack is shown at/' and the drop at /', At I' is shown a 
battery of diy cells, one pole of which Is wired to a receiver /, 
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whose otlier tt^rminal is grounded ut i/\ and the otlier pole is wired 
tu the tip of a plug /". The intermediate distributing board ie 
shown at /, and the ausweriug jauk wiring is thrown off at this 
point. The plug »« is then inserted into the jack e, a circuit being 
made for the battery k through the ground tj. Aa a result, a click 
is heard in the ear, directly the contact is made. The plug is then 
inserted sXtL This time the resistance of the circuit is reduced by 
the amount of resistance in the wiring from d to c, which makes 
an appreciable effect in the distinctness of the click. At <: the 
click is still louder and of equal intensity to what is experienced 
at h. At a it is again diminished. Should the groiind be located 
on the opposite side of the line, it will be detected by the fact that 
the line will show open when the plug is inserted. Under these 
conditions, the tip strand of the cord is removed from k and the 
ring strand substituted. If the trouble be located in tlie answering 
jack wiring, it will disap[>ear when the latter is disconnected. 

The next class of troubles to be considered is the nkort ciroini, 
in which both sides of the line come into electrical contact. The 
uiethod of handling this trouble is identical with that described 
for grounds, with the exception that in making the receiver test, 
the battery and receiver are wired to the ring and tip of the 
testing plug. 

The class of troubles known as crossen, necessitate the use of 
an auxiliary testing circuit, but in other respects they are handled 
just like the grounds and crosses. The auxiliary circuit made use 
of has already been sbowu in Fig. 265, where the plug I is wired 
to a reversing key )ii, one side of which is grounded. In testing 
for crosses, the two lines in trouble are taken up on the main dis- 
tributing board by means of two testing circuits, one of which is 
shown in Fig. 267. The plug <r, ^ig, 2ti5, is inserted into the jack 
(■, Fig. 268, while the plug I of the auxiliary testing circuit, Fig, 
265, is inserted into the corresponding jack on the other testing 
circuit similar to Fig. 268. The switchboard portions of both the 
lines in trouble are thus cut off. 

The principle of locating a cross de|)ends upon the fact that 
if two lines are connected together, a ground thrown on one line 
will ground the other also, and the location of tlie cross will be 
determined by the pull, on the relay armature, as in the case of a 
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Biinple ground Thia will be illustrated by roference to Fig. 272. 
Here let 1, 2, 8, 4 l)e the conductora of two subBcrilwrs' circiiita, 
eat'h with tbe bell bridged acrosB, and let conductors 2 and 3, be 
croBBed at .t. Let a, I, and v be the tip of tbe testing plug, tbe 
relay and grounded battery reapectively; and «' be the plug of the 
auxiliary circuit. Let the former be connected to the No. 2 side 
of tile line, and the latter to the Ko. 3 side of the line. It is plain 
that a path for tbe current from <; is formed through tbe cross at x^ 
Iwick over conductor No. 3, to the auxiliary test plug, and tbeiico 
to ground at ;/'. Tlie resistance of the telephone bell and a portion 
of tbe line being cut out, the pull of the relay armature will hv 
much stronger than nonnally. The relative j>ositionB of u and "' 






Fig. 272. 

(iiiist 1h' reverse<l in oixier to determine on which side the crosa is 
located. In other resjtects, the location of a crosa is determined in 
the same manner as a short circuit. 

There remains to be discussed one more class of trouble, the 
eni'-ijif. As has already been explained, tbe escape is a high resiat- 
auce ground, and its presence is felt through the line becoming 
noisy, due to tbe presence of induced earth currents. With the 
magneto aysteni, esca])ea were tested by means of the ear only, 
au«i when the trouble was located outside of the exchange, it was 
as it is to-day, turned over to the cable maintenance department. 
When an escape occurs in the switchboard wiring, it is usually 
due to the fact that dampness in the air has saturated the cables 
and wire. This is apt to occur in the damp warm days of aiunmer. 
and along tbe seashore. It can bo remedied only by thoroughly 
heating the atmoBphere of tbe exchange, and by the application of 
chloride of lime around the cables and wiring. Switchboard cords 
are very apt to saturate from this cause and have to be changed 
very frequently. 
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CLEARING OF TROUBLE. 

So far nothing baa been said of the clearing of trouble tbat ie 
located on tbe Hue outside of the e?:change, as this work is attended 
to by a forcB of men different from tbat mentioned above. Tbe 
outside force is divided into two groups. Inxpii-torf who clear 
tbe station troubles, and trovhlvih'-ii. who clear tln^ troubles located 
on the lines. Tlie inspectors also perform routine inspection of 
tbe telephones, and maintain tbem in good working order. It will 
be evident from an insjiection of the teleplione wiring, tliat all of 
the above-mentioned troubles may Ijo located in this apfiaratus, 




and the wire chief often has nothing but Iiia experience to guide 
him in determining whether the case requires the oifice of an 
inspector or tronblenian. The trouble tieing located on tbe line, 
however, th6 wire chief sends out a troiibleman, giving him the 
number of the cable in which tbe conductors are located, together 
with the numbers of the conductors and the location of tbe dis- 
tributing point. If tbe line is made up wholly or in part of open 
wires, the pole numl)ers and wire numbers are also given. The 
troubleinaa is equipped with a pair of spurs and a lineman's test- 
box, which is nothing more than a portable magneto telephone 
wired as shown in Fig. 273, where 1 and 2 are binding posts to 
which tbe line is attached; u, a switch pivoted at 5, and playing 
over tbe points 3 and 4. At il is a receiver which is also used as 
a transmitter; at ^ is a buzzer and at i\ a series generator. One 
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pole of the receiver is wired to the switch point 3, while the other 
pole ia wired to the binding post 2. One terminal of the buzzer is 
wired to the switch point 4 and the other terminal to the gener- 
ator. With the switch in the position shown, the test eet is ready 
to receive or transmit a signal; while with the switch thrown to 
point 3, the bnzzer and generator are cut out, and the receiver cut 
in for talking. 

Equipped as described, the troubleman goes to the distrib- 
uting point, cuts in on the given conductors by means of a 
flexible cord equipped with two clips for holding to the lugs in 
the cable box. AssiimiTig the trouble to be an open, he rings, 
and if the trouble lies between himself and the excliange, he will 
raise the sub8cril)er but not the operator. If on the other hand 
he is unable to raise the subscriber, but the operator answer8,"he 
knows that the trouble lies between himself and the subscriber, . 
If the trouble lies between the distributing point and the exchange, 
the wire chief is called and a new pair of conductors is taken to 
carry the line. Should the trouble be located between the sub- 
scriber and the distributing point, this portion of the line is gone 
over very carefully and the fault i-eniedied. It may be that 
through mechanical injury a portion of the distributing or drop 
wire has been broken. If bo this must be spliced temporarily, so 
as to get the subscrilwr working as quickly as possible. If need 
be. the line will be permanently repaired at a later date. 

These breaks are vei-y apt to take place where the line passes 
through trees, as under the influence of high wind, the swaying 
of the branches is apt to break the wire. Where such conditions 
exist, or where from any one cause or another, the line is apt to 
be again thrown into trouble, a report of the fact should be made 
by the troubleman, so that the conditions may be permanently 
bettered. Tlie largest j>ercentage of line troubles will be found to 
be located in the contacts of the cable box. 

The station trouble consists almost altogether of parte of the 
apparatus getting out of repair, and the work of the inspector is 
that of either repairing or replacing them. About 80% of the 
tranamiasion troubles are found to I)e due to weak batteries. 
When Leclanclio cells are nst-d the inspector replenishes them 
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himself. When Fuller batteries are used lie directs tiie battery 
man to perform the work. 

With tbe introduction of the amiiium battery nyntem, a more 
elaborate testing circuit was devised for the wire chief, and a volt- 
meter was introduced. The lines to the first and last sections of 
switchboard were also wired more elaborately. In considering the 
subject of testing trouble with the common battery system, it must 
be remembered that in this case the subscriber lines test normally 
open, which is nut the ease with the magneto system. Further- 
more, battery being on the line continually, it can always be used 




Fi g. 274. 

to test with. This feature makes it, in some respects, easier to 
locate trouble on tbe common battery system than on the magneto 
system. In Fig. 274 is. shown the wiring of the wire chief's test- 
ing circuit used in connection with the common battery system. 
To a cord and plug if are wired ten keys, designated by the letters 
of the alphabet. The key h is called the reversing key, because, as 
will be seen, current coming from the battery r can be thrown 
either on the ring or tip of the plug. At <■ is the ringing key, the 
ringing generator leads being connected to tbe two outer points. 
At il is the gronnding key for throwing ground on one side of the 
testing circuit. This side is always opposite to that on which the 
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battery is connected. By iiieans of the key <■, the voltmeter I of 
special design, with the battery r in aeries-, is ibrowii on one side 
of the line. At/' ie the atnmet«r key, l)y means of which the 
ammeter la with the battery r in series is tlirown on one side of 
the line. For the safety of the ammeter, a resistance n of 100 
ohms is connected in aeries with it, Tbia may be short circuited 
by tbe key <j if bo desired. At h \a a key for cutting in a telef/raph 
relay c, the same as the one shown in tbe magneto testing circuit. 
To the armature of this relay is wired a sounder not shown iu the 
diagram. At i is tbe holding key, which is thrown across the cir- 
cuit, to hold a line, should the wire chief desire to talk on some 
other line for a moment. Tlie testing key is at^' and deserves 
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special mention. At «t is a rejieating coil wired as a retardation 
coil, l>attery coming through the inner points and swinging con- 
tacts of the key k. Tlie receiver q of tbe wire chief's telephone 
circuit ia bridged across tbe circuit with a 2 M.F. condenser ^t, 
and the secondary winding of the induction coil in series. The 
key I: has its outer springs strapj)ed together, so Chat by throwing 
it, tbe two halves of the repeating coil winding are strapped 
together and battery cut off. Tbe above circuit gives a very elab- 
orate mejins of testing, and is used as follows: 

The line to lie tested being tAkeu up In uueof tbe ways already de- 
scribed, the gniunditig key d, is thrown, thus grounding uue side of tbe 
Hue. The voltmeter key is then thrown, 8o tliat this mstruuieut with 
gruuuded battery hi series Is connected to tlie opposite Hide or the line. If 
the circuit [s in normal condition, it will be ojien to direct battery at the 
Bubscrilier hell, so that the needle of the voltmeter / will uot be perma- 
nently defleeted. The condenser iu aeries with the bell, will however be- 
eiiuie charged. If the reversiiiR key ft be thrown, thereby chaughig the 
direction of the battery putential mi the line, the condeuHer will bedls- 
char^uil, bikI tlieii ehar^eil in the ii|i{iiisile direction, which action eaiisett 
the voltmeter needle tn make an eM-uiNJon, depending; In magnitude upon 
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the capacity of the line, and to again return to zero. Bliould the tine be 
opeu between the point where it is tested and the subscriber etatiou, there 
win be no excursion of the needle when the voltmeter is throwu This 
excursiou, therefore, is the Indication of a uormal conditiou of the line 
Should the lute be short circuited, the condenser will i>e strapped out, and 
the circuit will be closed to direct current, ao that under the proper coudi- 
tions there will be a permaueiit deflection of the voltmeter Qeedle, when 
that Instrument Is thrown on to the line. 

This point wiU be understood hetter by reference to Fig. 275, 
where the testing circuit and the line to be tested are shown in 
outline. Let 1 and 2 be the two sides of the line to be tested; and 
let c, <7, and t/ be the voltmeter, battery and ground respeetl'^ely; 
while (/' is the ground thrown on the opposite side of the line by 
the grounding key. I^t the line be short-circuited at x, then un- 
der the conditions shown, current will flow from <7 through the 
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Fig. 276. 
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voltmeter c to Ko. 1 side of the line, returning through the short 
circuit X to the Ko. 2 side of the line to the ground at ff'. If the 
ground at (/' is rfinoved, which ie equivalent to releaaing the 
grounding key </, Fig. 274, the voltmeter circuit would be opened 
and the needle would return to zero. Therefore^ if when the volt- 
victcr hij tiit'l f/fiiiniUiig li'y are both thriMoi)., a deflection ia oh- 
tainetl, and if the iici-dJe retiirtia to zero when the grmindingJcey 
in rcleaufdf the line teitcdin shown to he short circuited. 

Suppose, now the line to be grounded, the conditions shown 
in Fig. 27() will obtain. Supjwse that the line to be tested is 
grounded at r. the testing circuit being connected up as in the 
previous figure, the same letters of reference being used. With 
the conditions as shown the line will test normal, because the 
ground x being on the opposite side of the testing battery, the cir- 
cuit will test open through the condenser S, and the ordinary 
swing of the needle will be obtained. Should, however, the ground 
</ be removed by releasing the grounding key c/, Fig. 274, the line 
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will still test noritiftl, for tlie return circuit, will be made tbrongb 
the ground at x to the ground at ij. Tlii-.rcf'irf, hIkoiUI a awiiKj 
t.fthe voltmeter be nhtn'.m-il wh.-n the yroiii^lhuj h-y in relenmJ, 
the line tMe,I vUl prove to he ,jroii,u}e,l >„, the ^I'le oppMife ti> 
that on. trhhh the voltmeter ■/« roiiiiert.-./. 

If tbe reversing key f'. Fig. 274. is bo adjiiBted tliat the volt- 
meter and battery are cimnected to tlie Xo. 2 side of tbe line, 
wbile the grounding key is conneeted to llie No. 1 side of the line 
ae shown in Fig 277, then a steady current would flow throuffh 
the voltmeter out on the No. 2 side of the line, to ground at j.' and 
return, and the voltmeter would be permanently deflected. This 
current flow would be altogether indejteudent of the presence of 
tlie ground f/'. Tlu-nfore^xhoold the voHmeter iieeiUe- le iHi'ma- 
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nevtfy >h'j/erfr.l wh,;,- th^ ,j,u.u„IUhj h->j v\ rel."«e.l, the line 
texteil vuU. 3>rom; to l,e ,j,-uii„>h<l oh the xo,„e xi.le m th-tt un 
irhich the voltmeter ii i-oiniert'-'l. If the voltmeter usihI on the 
testing circuit is of the pro])er sensitiveness the insulation of the 
line can be measured. Kefeiring to Fig. 275, it will be seen that 
any leakage current, either from the line to ground, or from one 
side of the line to the other, will flow through the voltmeter, and if 
the instrument be sensitive enough, the magnitude of the insula- 
tion resistance can be determinetl by means of the following 
(tonsiderations: 

r^et E denote tbe E.XI.F. uf the battery used for testing; e 
denote the rejiding on tlie voltmeter for any given leakage cur- 
rent; let 11 denote the inwulation resistance, and r tbe resistance of 
tlie voltmeter. 
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In Kig 278, let h be the tt>stiiig Imttery, n the voltmeter, and 
the lines 1, 2, ;i, 4, etc., denote the leakage. Tlie current flowing 
through the voltmeter is given by the expression 

I - '' I 

where I denotes the flow of cnrivut. 

Again, the current flow Id denoted bv the following diifereiit 
expression 

I'laoing the right-hand member of 1 equal to the right-hand niem- 
///0 9S76J432/ j!. 



ter of 2, ™ p-t 
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. ^ _!L 


ClcHiinir fnii'lioiia ( 


K 1 ,■) 


,. ^ K.' 


or 


1!.- ! ,■ 


,. = E,- 


from wliicli 
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,. = K,' - .r 


Sinii.IifyLiijJ 


II 


,. = ,E - ,.) 


Solving for It. 


I 





E(iuiition S givea the iusuliition resistance of tlie line in terms of 
the voltage of the battery and the resiKlance of the voltmeter, bo 
that the sensitiveness of the apparatus will iiicreAse with the jxrteii- 
tial of the battery used and the resistance of the voltmeter coil. 

At iirst thought it might seem as if the seuBitiveness conid he 
increased witJiuut limit, by increasing the [lotential of the testing 
battery, Tlie limit to which this voltage can be increased is gov- 
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erned by the fact that the higher the voltage used, the greater the 

Btraio upon the iusiilatioD. In tlie testing of cables, the usual 

practice is to test with 100 volts of chloride of silver battery, as 

this potential is considered to be high enough to give sufficient 

sensitiveness and not high enough to subject the insulation to 

undue strains. In connection, however, with such testing as the 

wire chief does, it is not essential to get as high a sensibility and 

for the sake of economy, the same battery is used fur testing as is 

used for operating the station, so that the value E, in the above 

equations is given at 24 volts. It therefore becomes necessary to 

increase the other quantity as much as possible. The highest 

resistance of voltmeter winding used for this purpose is 40,000 

ohms, so that the highest insulation resistance that can be read 

with this combination is given by the following expression : Let 

E ^ 24 and r = 40,000, and e ^= \, the smallest reading on the 

E - rt 24-1 

voltmeter. Then R ^ ■ r becomes R ^ — ^ — 40,000 = 

23 X 40,000 = 920,000 ohms, almost 1 megohm. Lines having 
an insulation resistance equal to this figure are in good condition, 
and unless this quantity decreases from day to day no attention 
need be paid to it The smallest insulation resistance that can be 
measured on this instrument is given by the following expression: 
Let E = 24 volts as before, r = 40,000, and e = 23, the maxi- 
mum reading of the instrument next to a dead ground. Then 

R = ^— r becomes R = ~"^.,~ "^ 40,000 = 40,000 -;- 23 = 

1,740 ohms. 

Lines having as low an insulation resistance as the above need 
attention immediately. Itoughly speaking, when the insulation 
resistance falls l)elow 40,000 ohms the line needs attention. 

In s])eaking of the testing cimuit, I'ig. 274, an ammeter w» 
controlled by a key f was referred to. This ammeter, or rather 
milliammeter, is used to measure lower resistance than 1,740 ohms, 
and is useful in locating crosses, short circuits, and dead grounds. 
The milliammeter used has a reading of to 500 milliamperes or 
^ ampere. The expression used to determine resistautie by this 
instrument is derived from Olim's law: 
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l = |;R=^- 9 

where R is tlie resistance to be measiired, E the potential of the 

testing battery, and I, the current density flowing through the 

ammeter. The highest resistance tliat can be measured with this 

combination is determined in the following manner: Let E =^ 24 

volta and I = .001 or f^\jj ampere. Then equation 9 becomes 

24 
■Ji = ~(wTi" ^^ 24,000 uhnis. Likewise the smallest resistance that 

can be measured Is given by the following, assuming that E = 24 




Fig. 279. 

24 
and I :^ 000 milliamperes or .5 ampere, K = — ^ ^ 42 ohms, 

"While high resistance can be measured with tlie ammeter, it 
is not as sensitive for the purpose as the voltmeter, so that the 
latter instrument is always usi-d. For low resistances, the ammeter 
covers a field that cannot be reached l>y the voltmeter, hence its 
use. The method pursued I>y the wire chief in the use of these 
instruments is as follows: The voltmeter is first used, and if the 
resistance is so low that a full reading is obtained, the ammeter is 
then thrown on. A record ia kept by the wire chief of the normal 
resistance of each line with the receiver at the subscriber station 
removed from the liook. This, of course, refers to the metallic 
resistance of the line and not to the insulation resistance. Uy this 
means when a short circuit or dead ground occurs on any one of 
these lines it can be determined by conijarison. 

The telegraph relay is used in the same manner as described 
for the magneto circuit, and therefore needs no special mention. 
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Tiie battery key I' ie iiBed when tli« wire chiff is talking to a line- 
iiiftii with a test box, as under these conditions it is not necessary 
to throw ttattery on the line. In all othiT respeets, the locating of 
trouble ia ])erfuriiied in the same inaiirier as that described for the 
magneto system. The lines to the main distributing board possess 
no new featnres, but the lines to the Hrst and last sections of switch- 
board are characteristic and are shown in Fig. 279, where/' denotes 
the plug at the switchboard, and S the jack on the wire chief's 
desk. To the points ofthe jack is connected the drop « with a 
condenser /i in series. The drop is provided for the convenience 
of the line men in calling up. Wired to the ehauk of the ping./ 
is a lamp '■, the battery lead I)eing rnn through a key ;/. Wlien 
the plug is introduced into the subscrilwr jack, the battery c is 
grounded through the cut-off relay, and current, therefore, flows 
through the lamp, thus indicating to the wire chief by its illumi. 
nation that the line has l)een taken up by the operator. By de-. 
pressing the key ij this lamp circuit is opened, and current removed 
from the cut-off relay of the line being tested, so that this relay 
being releasiHl, direct current is thrown on the line. Under these 
conditions when tlie wire chief throws the listening key on his test- 
ing circuit, the line lamp l>ecomes illnuiinated, Tliis affords the 
wire chief a means of quickly testing the answering- jack wiring. 
While the use of the voltmeter affords a great help to the 
wire chief in detecting and locating trouble, he must possess a 
trained ear, and be thoroughly familiar with the uatnre of the con- 
struction of the line both inside and outside of his exchange. He 
must also possess executive ability in a high degree to successfully 
deal with the large voluiiie of business that is transacted at bin 
desk in the course of the day. 

CABLE MAINTENANCE. 

The clearing of trouble in cables is a much more elaborate 
piece of work than that of clearing trouble in. open-wire lines, 
bridle wires, or drop wires, since it always necessitates the opening 
of old splices and the making of new ones. Tlie work of locating 
trouble, too, necessitates the use of delicate scientific instruments 
and more or less complicated mathematical formulae. This work. 
therefore, cannot very well be handled by the force under the wire 
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cliief, and in the larger companies is performed by the coustruc- 
tion department, a enb -department being provided for tliia purpose. 
The force of men employed in this work consists of a gang of 
cable splicers and a gang of galvanometer men with their assist- 
ants. The size of thftse two gangs depends on the size of the 
cable plant, and the volume of busini'ss to be done. Largo com- 
panies that have a great number of undergroiiiid cables, find that 
they are getting out of order all the time, so that these two forces 
are continually employed in locating and clearing cable trouble. 

All reports of cabh^ trouble come to the construction depart- 
ment froui the wire chief, who, by the methods already described, 
locates the trouble in the cable. Tlie work of clearing the trouble 
is divided into two distinct heads: First, lowtliig trouble. 
second, cleni'imj ii'ouhh-. The work of locating trouble is per- 
formed by the galvanorueter man, and for this purpose he is 
equipped with a galvanometer of one of the portable types, a 
battery of 1()0 chloride of silver cells, a fmttery reversing switch, 
and a capacity switch, A standard megohm coil should also be 
provided. Some form of lamp stand and scale will also be 
necessary. 

Lead cables are tlirown into trouble from three causes: Me- 
vhiiiiitiil ioji'i'y, ihturiiii'aiUiH- oftlm h-nd- ulieuth ihia to tleetroly- 
xIm, ttnii the iinriihtff <^ t/'f (■"lufiii-foi-n oml shiuth hy a<-(;uleittal 
foiiturt with high foreign potentials, such as lightning, trolley cur- 
rent and the like. The fact that a cable is deteriorating is luade 
known by the increasing number of troubles that are found to be 
locatod in it, and when such a condition prevails the galvanometer 
man is sent out to locate the trouble. As a usual thing the galva- 
nometer man makes his test from the exchange, and to this end sets 
Ilia instruments at this point. Except in the case of mechanical in- 
■jiiry, or injury tiue to lightning, tlie trouble from which cables are 
Hiostlikely to suffer is grounding. In tlieease of mechanical injury, 
or lightning, grounds, short circuits, crosses, and ojhjhs are apt to 
lie encountered. Tlie nature of the trouble with which a cable is 
afflicted is usually reported by the wire cliief, hut the galvanometer 
man, while he uses the wire chief's report as a guide, must never- 
theless make a thorough determination as to whether or not any 
other trouble exists. 
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Thompson Qalvanometer. In Fig. 280 is sliown one of the 
best adapted furnia of the TlioTnpson galvanometer for cable-testiug 
work. It consists of 4 coils, two of which are shown at a and a' 
moimted on two ebonite pillars b and 5', which in turn are enp- 

[K)rted on an ebonite base c. 

This base is e<juipj)ed with thre 




level! 1 



ing f 



'/, iJ\ and (/". 



The tertninaU of the coila 
brought out to binding posts 
plaeed on the ebonite base, fonC 
of whicli are shown at <■, /, e\ 
c". The system is snspeiided by 
an iinspun silk thread, which is 
fastened to the milled-head screw 
_/. The upper magnet of the 
system having the mirror at- 
tached is shown at i/, while the 
lower one is shown at h. The 
coils are enclosed in a cylindrical 
glass case •/, «|)on the metal top 
of which is mounted the vertical 
rod y carrying the control mag- 
net V. Theltottoin of the rod is 
e(juip[)ed with a wo^rm wheel 
into which meshes a screw ^with 
a milled head m. The control 
magnet makes a binding fit over 
the rod, and coarse adjustment 
can lie made with the hand. 
Fine adjustment is made with 
the screw and worm wheel. The 
glass case fits air-tight, so as' to 
exclude the dust. 
In Fig. 2Sl is shown the plan of wiring tlie coils and method 
of bringing the terminals to the binding posts. By following the 
direction of the arrows, it will be seen that by pro|>erly connecting 
together tlie binding posts 2, 3, 4, 5, (J, and 7, the coils can be 
connected in series or multiple as desired, and that anyone of the 
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coila can be cut out at will. A leveling glass, aliowii at a, ia pro- 
vided by meana of wLich tlie itiBtrutiieiit can be accurately ad- 
justed in this reapect. 

D'Arsonville Qalvanometer. "While this t}'pe of instriiment 
gives very good results, and is the beat form of the Thompson 
type for portable work, it is not 
»8 good aa the D'Araonville gal- /?~\\ 

vanoineter, a very excellent form \| [/ 

of which is shown in Fig. 282. 
This instrument is as senaitive as 
the Thompson, but is much 
more easily set up and adjusted, 
and is absolutely unaffected by 
fluctuations in the earth's field. 
The penuanent magnet is lam- 
inated, thus ensuring a high de. 
gree of magnetic saturation in 
the iron. The system is sua- 
pended top and bottom in the 
metal tnl>e, which can readily be 
placed in position and secured 
with a screw. By means of a 
small nut at the bottom of the 
tube, tlie system cau be held rig- 
idly, when the tube is being car- 
ried about, thus preventing mechanical injury. 

Battery reversing keys are made iip in several forms, one of 
the most approved being that shown in Fig. 2H3. Here six bind- 
ing posts E, E', E", 1), F, and F', are mounted on elionite pillars 
to ensure good insulation. These columns are mounted on an 
ebonite base. To the binding posts E' and E ' are attached two 
springs which carry at their opposite ends two ebonite bnttons A 
and C. Each one of the binding posts F and F' ia equipped with 
a short strap at the end of which is a set screw. The ends of these 
two screws are platinnm-pointed, and touch two platinum projec- 
tions on the springs when the latter are in the normal position. 
The two binding jwsts E and D are connected by two copjwr rods 
to two poata H and 11' resjjeetively, each mounted on an ebonite 
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post. Two keys G and d' are niounUHi on ebonite pillars, by 
means of whi<!h the springs are dejiressed, so that they break con- 
tact with F and F' and make it with II and 11'. Each one of these 
keys can be o[>erated indefiendently of the other. Whenever it is 
desired to depress either spring momentarily, the finger is prcasetl 
on either one of the hiittone A or 
C. The method of connecting up 
this switch will be shown a little 
later. 

Capacity Key. The most ap- 
proved typti of capacity key is 
shown in Fig. 284, where mounted 
on an el>onite base is an ebonite 
pillar l>earing a binding post ". 
To this post is attached a spring 
A, carrying at the other end an 
ebonite button r. Two other bind- 
ing posts (/and */' each mounted on 
an elionite column, are provided. 
Each binding post is eqnipped 
with a stout *ropper stmp, the one 
attached to'/, liendingiipand over 
the spring !r, while the one at- 
tached to '/' bends down and under 
f/. Each strap ia eqnipjiett at tlie 
end -with a set screw, whose end 
ia platinum -pointed. Wlien the 
spring ia in the upper position it 
makes contact with the upper set 
screw, and when it is in the lower 
position it makes contact with the 
bottom set screw, breaking its 
'^' "' contact with the top one. Two 

keys .- and -', each equipped with an ebonite button, are so con- 
strncted as to catch the spring /- when it is depressed, and bold 
it firmly. AVhen, after the spring A has lieen depressed, the key 
market! >/!>«■/""■{/.: is trip|M-d. it flies u]>ward until it strikes against 
the upper set screw. AVIien. howeviT., the key marked i>mdat..- is 
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depressed, the Bering h tiieB upward until it utrikt^s against thti 
toot)) of the discliarge key, wliiL-li holds it in a mid position insu- 
lated from both the np|)er and lower set screws. The method of 




Fig. 283. 

t'onnectinf^ up will be described later. The standard megohm 
resistance used to get a tonstant is one of the niHny forms gotten 
out for thia purpose, aB ia the standard condenser. 

The method of wiring up the galvanometer, battery key, bat- 
tery, and standard resistance to get a constant is shown in Fig. 285. 
Here a denotes the battery, iii. the battery reveraing key, h a tapper 
key to short circuit the gal- 
vanometer, d the galvanom- 
eter, c the shunt, and^ the 
standard megohm resist- 
ance. If the spring 2 is in 
its normal position, and 
spring 3 depressed, the cur- 
rent flowing from « will pass inai/l^te'^-Ji^^^.achwyt 

from contact 1 to spring 2 ^i^. 284, 

and thence through the gal- 
vanometer and shnnt, when h is depressed, to the spring 3, from 
this point, to the contact e, through tlie megohm/', returning to 
the battery. If spring 2 is depressed and 3 normal, the direc- 
tion of current flow through the galvanometer will be reversed. 
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When a constant baa been obtained, the standard megobm is 
reversed and the negative pole of the battery connected to the wire 
to be tested, tbe positive pole ot the battery being grounded as 
shown in Fig. 280, where n represents the joint between the cable 
conductor and tbe test wire, the insulation on the conductor being 
shown at^, and the sheath of the cable at c The terminal e ia 
grounded. By means of the key m, either pole of the battery can 
be connected to the line and double readings taken. The magni- 
tude of the deilectiouB should be the same lu both cases. 
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Measurement of Capacity. There are many methods adopted 
for measuring capacity, but the one oftenest employed by the 
galvanometer man is that of proportional deflections, and consists 
of charging the calile at a given potential, and noting the magni- 
tude ot the detlectioii at discharge, then comparing it with that 
obtained by discharging a condenser of known cajwcity that has 
previously lieen charged. The methoil of connecting up for this 
purpose is shown in Fig. 287, in which the standard megohm is 
replaced by a standard condenser (.• and the capacity key k is in- 
troduced. Tliia key h ia de|»reFst'd, causing current from the 
battery to charge the condenser. The key k is then released, flies 
to its upper position and discharges the condenser through the 



,y Google 



TELEPHONY 



327 



galvanornvter. "When a constant deflection lias been obtained the 
condenser 18 removed, and one terminal is connected to the con- 
ductor to be tested, and the other to gronnd, as shown in Fig. 
288, where the contact e of the battery switch and one terminal of 
the battery are connected to the conductor at c, the insulation 
being shown at « and the sheath at b. The spring of the capacity 
key is grounded. With the key h in its lowest position the cable 
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Fi({. 286. 

is charged. But when it is allowed to fly up, the battery is cnt 
off and the cable dischargt'd through the galvanometer. 

Murray and Varley Loop Tests. The galvanometer man 
uses these two tests, to detennine the insulation resistance and 
capacity of each conductor of thB cable. The defective conductors 
are thus picked out and tlit) next piece of work to perform is to 
locate the trouble found. There are two methods employed of doing 
this, each one having its peculiar advantages; and both having in 
common the advantage of simplicity. They are known as the 
Murray Lm'ji Teft and the Yarleij Loop Test. "With both of 
these testa the Wheatstone bridge method is employed. The scheme 
of connection for the former is sliown in Fig. 289. One terminal 
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of the battery is grounded, and the other one is connected to the 
junction of h and (/, or what is the same thing, between the rheo- 
stat and one arm of the bridge. The other arm of the bridge is 
plugged np as shown. Lety be the location of the ground located 
OH conductor No. 1 and let conductor No. 2 be any other good con- 
ductor in the aame cable, and suppose that their ends are joined 
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at J'. The resistaiiceB at h and <l are adjusted until a balance is 
reached and no current tiows through the galvanometer. Denot- 
ing by r, the resistance of the ■ conductor from to the fault, and 
by y, that from E to tlie fault, we have 

b y. y = (J Xx 10 

Denote by L the resistance of the whole loop, and we have 

a; + y = L II 

!, = L-0 12 

t^iibstitiitin^ for ij in equation 10 its value found from equation 12, 
no get 

I, i\. ~ ,T) = .7 X * 



, = L 
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wliicb gives the resiataiice of the conductor from the exchange to 
the fault in terms of the two known resietances of the bridge, and 
that of the whole loop. 

Knowing the ^aiige of the eotidnctor the locjition of tJie fanit 
can be determined from the resistance. To get the loop (loriditiou, 




all that is necessary is for the galvanometer man to send his 
assistant out to the cable box, at whicli point tJio defective con- 
dnctor and a good one selected at random are joined. If more 
than one conductor be found defective, a test is made on each one, 
or on a antticient number to determine that they are all defective 
at the same point. 

In Fig. 290 is shown the scheme of wiring for the Varley 
Loop Ti-iit. Here B C and A B are the two bridge arms and A E 
is the adjustable resistance. The defective conductor is shown at 
No. 2 and tlie good one at No. 1 They are joined at j). The 
fault is at,/'. The resistance '/ ia adjusted until balantw is estab- 
lished, wlieu we have 

« (,; + rr) = J y 14 

where the symbols denote the same quantities as iu the previous 
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case Letting as before the total resistance of tlie loop be denoted 
by L, we have 

X + y = L 

y = L~x 
Substituting a ((/ + w) = d (L - x) |5 

J L - «</ 

If b = uih^n^ =^^ 17 

wliich givn3 the reBistaiice to the fault in terms of tlie total resist. 
aiiff of tlie loop and tlm adjustable resiatanc*. 




Fig. 289. 

Cable faults are nsually located in tlie splices, and are dne to 
more or lees careless work on tbe part of tbe cable splicer, in either 
not properly niaking the joints, or not properly placing the insu- 
lating shecving. or not properly boiling out tbe splice after it baa 
l>een made. Again, when the joint in the cable sheath has not been 
properly wipd, moistnre is apt to K-ak in to the conductors, thus 
causing grounds, AVhen the trouble luis been located in Ihe splice, 
the cable man is sent out to open it, examine its condition, prop- 
erly re-make it and wijie it over a<j;iin, after which it is again tested 
out to make sure that the trouble has been cleared. Wlieu the 
trouble is located in the cable between e[)lices it is usually due to 
mechanical injury or to tbe fact that the cable lias not been prop- 
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erly const roc ted, Wlien, however, tliis condition obtaine, the only 
tiling to do JB to replace the defective section, and this work is per- 
formed in the following manner : 

Let a and i in Fig. 291 represent two nianholes, and let 1, 1, 




Fis. 2a'. 

2, 2, 3, 3, etc., represent the eonductora of a. cable that has become 
defective at the point x between the two manholes. A new cable 
c is run in a spare duct l>etweeii the two manholes, the lead sleeve 
on the old cable is removed in the manhole ", and the conductors 
of the new cable are joined to those of the old one at random. 
This having been done the lead sleeve is removed from the old 




Fig. 201. 

cable and the conductors of the new cable are Bpliced to those of 
the old in the following manner: 

In Fig. 29i let 1, 2, 3, etc., represent the conductors as l>efore, 
only three conductors, being shown for simplicity. A telegraph 
relay il has one terininal connected through a battery c to one of 
the conductors selected at random as No. 1, The other terminal 
of the relay is grounded at ff. To the local of the relay is connected 
the battery d' and the buzzer/'. The lineman is equipped with a 
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pair of shears >; which lie always uafs to skin off the inBiilation 
and to cut the wire. To these sheHra is attached a wire groanded 
at </ With these shears lie cuts through the itisiilatiou of all tlm 
conductors so as to toi>c-h the wire, and when the coudiictor to 
which No. 1 has been joined is readied, a circuit will be found 
through the shears and wire to ground, causing current to flow 
through the relay <l and the buzzer/' to ground The proper con- 
ductor having been thus located, it is cut, and the end of the por- 
tion from h on is spliced to No, 1 conductor iii the new cable, 
while the portion running between '/ and d is left open. The cir- 
cuit is thus made over tlie conductor in the new cal>le between the 
two mauholee. The relay is then conntM;ted to another conductor 
in the new cable selected at random, and the conductor to which it 
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has been attached, found as in the previous manner, and a joint 
made. This process is continued until all the conductors in tlie 
new cable have been joined to those in the old. 

The ci>ndition at this stage is that shown in Fig. 293, where 
the conductors of the new cable are shown connected to those 
in the old cable at c, f/, and e, in manh()le A, while the conductors 
in the old cable are shown dead iietwiwn the two manholes. Care 
must l)e taken not to short circuit or cross the free ends of these 
conductors in manhole />. as they are still connected to working 
wires. The lineman then goes to niauhiile ir and cuts off the old 
conductors running between the two manholes, ,aftyr which the 
new splices at a and // are boiled out and the joints wiped. The 
length of old cable Ixstweeii the two manholes is then pulled out 
and the work is completed. 
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THE PUMN SYSTEM OP LOADED CIRCUITS. 

The subjcMt of inon-iising iiiilL' finitely the long-dintaMe limit 
of transmission , is one which has ititert'sted telephone engineers 
ever since the beginning of the art. With the best possible con- 
struction, and the most improved appamtns, the limit of transniis- 
sioii over open wires is about 1,200 miles. When cjibles are used 
to make np portions of the line, this figure is mnterially rednced; 
the amount of reduction depending upon the percentage of cable 
with which the line; is made up. This loss of transmission current 
is due to throe factors, disregarding the leakage through the insu- 
lation resistance; and they are: Rest staniie oi the Wat?, Capacity 
of the line, and f>elf induction of the line. 

The resistance factor can be retluced by increasing the sizo of 
the conductor; but this increase is limite<l, as has nln'ady been 




shown, by practical line construction considerations. The capacity 
factor cannot be affected, as in the best construction, it is already 
reduced as low as possible. The one n^niaiiiing factor, that of sel^f' 
iitilurtioi', seems to be the only one that oan be looked to for aid in 
increasing the limit of transmission. This ix>int was grasped by 
the pioneer writers in this field, and during the World's Fair in 
Chicago, 111., the English scientist. Sylvanus P, Thompson, advo- 
cnted the construction of n cable that should have olectromagneto 
or retardation c^ils placed at intervals throughout its length, so 
that by increasing the self induction, the effect of the static capacity 
might be overcome and the limit of transmission thereby increased. 
This scheme was subs(H]uently tried several tim«^s, but so far 
from meeting with success, it was found that the transmission was 
not as goo<l under these conditions, as with tlie circuit in normal 
condition. It was found that the presence of th(i magnetic coils on 
the; line produw^l electric "echoes," which made the transmiaeion 
verj' indistinct. The <;xpi'riment showwl that while increasing the 
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self inductioii of a line uniformly throughout its length increased 
the distance over which transmlsBion could be carried on, the 
presence of increased self induction at points along the line bad the 
opposite effect. At this point the matter was allowed to rest, nntil 
Professor M. I. Pupin discovered in a very iugenions manner, the 
proper intervals at which the points of high self induction must be 
placf?d, in order that the effect would be the same as if the increased 
self induction were distributed uniformly throughout the length of 
the line. His method of reasoning was as follows: 

To start with, the electrical energy in the tfilking current is 
transmitted from one end of the line to the other in wave motion. 
The amplitude and wave length depend upon two factors: First, 
the intensity and law of variation of the impressed E.M.F. at the 
transmitting end, and Second, the nature of the reactions of the 
circuit. The intensity and variation of the impressed E.M.F. at 
the transmitting end, will follow exactly the intensity and law of 
variation of the exciting force, which in the case under discussion 
is the energy of the sound waves. This quantity being easy of 
determination, nothing further may be said on the subject. The 
quantities to be considered are the reactions which take place in 
the circuit. It will be of material assistance to the proper under- 
standing' of the subject, if the analogous case of wave transmission 
over a cord, be considered first. 

Suppose that in Fig. 294, one end a of the string a 5 be agi- 
tated backward and forward in the direction of the arrows by a 
simple harmonic motion. A wave of decreasing amplitude will be 
trausmittiKl along the string from the point a towards the point b. 
Tliiit the amplitude decreases is shown by the fact that the ordinate 
1-2 is greater than 3-4, which in turn is greater than 5-fi, etc. The 
wave motion dies out before b is niached, so that no energy is felt 
at this point. Let us consider now the reaction that takes place 
in the string. 

First, there is tho inertia reaction, which is due to the kinetic enei^ 
Htored up in the tnasn at the string. 

Second, there is the elasticity reaction, due to the tension existing 
between the particles of the string when distorted. 

Third, there is the frietional reaction, due to the production of heat. 

Of these three reactions, the first and second are useful in 
propagating the wave motion through the length of the cord. Tho 



ogle 



TELEPHONY 



335 



inertia of the cord acts like the inertia of the fly-wheel of an 
engine to absorb the energy given ont by the piston rod, and give 
it out again to the machinery. The elasticity reaction being due to 
increased tension between the particles of the cord, tends to make 
it return to its original position. 

The method of procedure is somewhat as folloire: The end of 
the string a having been displaced to the right by the disturbing 
force, the inertia of the cord tends to transmit this motion to the 
remaining portion, and in so doing transforms itself into elastic 
energy or tension between the particles. When this tension has 
become equal to the energy of in- 
ertia, its reaction brings the string q o 
to rest, and causes it to move back 
to its original position. When the 
original position has been reached, 
this elastic energy has been re- 
transformed into energy of inertia 
which carries the string past the 
original position to some point on 
the opposite side. As the string 
passes the original position, its 
energy of inertia is again trans- 
formed into elastic energy, till, 
when this transformation is com- 
pleted, the cord again comes to rest. 
The elastic enei^ again causes the 
string to return to its normal posi- 
tion, and when this point is reached, the inertia again carries it to 
the other side. The frictional reaction tends to produce heat only, 
and is, therefore, nseless in propagating the wave motion along the 
cord. Now, this motion will continue to be propagated along the 
cord until the successive losses due to the frictional reaction have 
become so great as to absorb all the enei^, whereupon the string 
comes to rest. 

From these conditions it will be apparent that there are three 
methods by which the distance over which the wave motion can be 
propagated, may be increased: 




Fig. i 



Fig. 295. 
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Firi>t, by the reduction of the (fictional reaction. 
Second, by increasing the elastic reaction. 
Third, hy increasing the inertia reactioD. 

It is a well known principle of Mix;hanics that, all motion Ip 
attended by friction; so that while, with properly designed niech- 
anism friction may be reduced materially, it can nover be 
eliminatiKl. Supposing that in the case of the cord just consid- 
ered, the friction to be reduced as far as possible, the next thing 
to do is to consider the effects of increasing the inertia reaction 
and the elastic reaction. If the inertia of the string be increased 
by making it of heavier material, the inertia reaction will be in- 
creased correspondingly, and the ratio of the frictional reaction to 
the inertia reaction will be reduced so that the wave motion will 
be transmitted to a greater distance before the useful enei^ is ab- 
sorbed, as shown in Fig. 295, and if the inertia is sufficiently 
increased some energy may be transmitted to b. 

Again, should the elastic reaction be increased, by increasing 
the tension of the string, the distance over which the wave mo- 
tion can be propsigated will also be increased, us shown in Fig. 
296. In this case, however, it will be noticed that the wave length 
is increased. So far the method of increasing the inertia consid- 
ered has been by increasing the mass of the string uniformly 
throughout its entire length. The next method of increasing the 
inertia of the cord is by attaching weights to the string at inter- 
vals. If the inte^^■als at which these weights are attached be 
properly selected, the result will bi^ that the distance over which 
the wave motion is propagated will be equal to that of a cord of 
uniform mass, whose inertia is the same as that of the loaded cord. 
This ix>int is illustrated in Fig. 297, where 1, 2, 3, 4, etc., repre- 
sent the weights attached to the cord. It being assumi^d that the 
distance between the weights, a-1, 1-d, -i-J, etc., is the proper one, 
the mass of the cord plus the weights must be the same as that 
of the uniform cord shown in Fig. 295 in order to have the condi- 
tions of wave transmission the same in both cases. 

It can be shown readily by experiment, that even if the mass 
be retained constant, and the weights be not plact^l at the proper 
intervals, the resultant wave transmission, so far from being im- 
proved by their presence, will be decreased, as shown in Fig. 298. 
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whcro 1 and 2 roijrcsfiit two weights whose combined iiiiias ia 
equal to thut of tht; weights shown in Fig. 2it7. 

It will bo seen then, that as fur as tho capacity for trans- 
mitting wave motion is concerned, a lotidcd string can be made- 
equal to a nniforai unloaded string, if sufficient mjiss be added to 
the former, to make the two strings et^ual in this respect, pro- 
vided this added mass is subdivided and each portion placed at 
the proper interval along the string. 

We are now prepared to con- 
sider the anal(^y existing between 
the case of wave motion being 
transmitted over a string, and 
electrical wave motion being trans- 
mitted over wire. When an alter- 
nating current is transmitted over 
a circuit, three reactions take place. 
First, hidui'tanco reaction, called 
ordinarily the counter E.M.F. of 
self induction, and which corre- 
sponds to the inertia reaction. Sec- 
ond, capacity reaction, which cor- 
resiwnds to the elastic reaction. 
Third, reeiniaiice reaction, which 
correspomlB to the frictional reac- 
tion. Denote the inductance re- 
action by Rl; the capacity reaction, 
by Rt ; and the resistance reaction, by K,. Reaction as used in this 
discussion is defined as that quantity which, multiplied by the cur- 
rent flow, gives the rate at which energy is given out. Denoting 
therefore by I, the current flow, we have the following equations : 

Ri I = Energy expended i 

Et I — Energy expended i 

Rr I = Energy ex|)ended ii 

Denoting the total energy delivered to the circuit by E„ we 
have E.; ^: Rl I + Ro I + Rr I, which is a statement in mathe- 
matical form of the law that action and reaction are equal. The 

first two reactions are called coase rent ice reactions and are useful 
in transmitting energy over the circiiit. The last is used up in 
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overcoming the inductance reaction, 
overcoming tlie capacity reaction, 
overcoming the resistance reaction. 
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generating heat only, and represents lost energy. The first two 
correspond to the inertia and elastic reactions in the case of the 
cord; and the last to the resistance reaction. The first, or in- 
ductance, reaction represents the energy utilized in producing a 
m^netic field around the wire. This magnetic field is capable of 
returning its enei^ back to circuit in the form of current. The 
capacity reaction represents the energy utilized in establishing an 
electrical stress between the conductor and its sur- 
rounding medium. This electrical stress is capable 
of returning its energy to the circuit in the form of 
current flow. 

From mathematical considerations of the propa- 
gation of electrical energy along circuits, we have the 
following; 

Ki = rt L where a is a constant and L the coef- 
ficient of Bt^lf induction of the circuit. From the ex- 
pression, it is apparent that the inductance reaction 
varies directly with the self induction of the circuit, 
80 that the greater the self induction the greater will 
be its reaction. 
Again wo have 

^ where h is another constant, and ~ the reciprocal of 

Pi 298. *^® capacityof the line. From this expression it will 

be seen that the cai)acity reaction varies inversely 

with the capacityof the circuit; so that, the greater the capacity 

the less will be its reaction. 

Again, 

Rt =^ R I*, where R denotes the resistance of the circuit and I 
the strength of current flow, this latter expression being well known. 

From the abo*'e considerations it is evident that there are three 
ways of increasing the transmission limit: First, by increasing 
the self induction. Second, by decreasing the cajmcity. Third, by 
decreasing the resistance. The limit to which the resistance of the 
circuit can be decreased has already been discussed under Line 
Construction, so that this discussion will be limited to what can be 
done with the other two. With the use of the present paper insu- 
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lated cables and open wire linu constructioii, the cajxicity has been 
reduced to a point beyond which there does not seeui to bo any 
chance of prc^ressiug. Therefore, the only reaction that can be 
improved is the inductance reaction. As stated above, this point 
had already been recognized, but all attempts to make nse of it led 
to failure, due to the factthat the points of increased self indaction 
were not properly selected. These results were similar to those 
obtained when the vibrating cord was improperly loaded, as shown 
in Fig. 298. Professor Pnpin's discovery consists in determining by 
mathematical considerations the proper intervals at which thepoints 
of increased self induction should be located. This interval varies 
with the capacity of the line, and for open wire lines has been estab- 
lished at 2J miles, while for cables the interval is about 1,000 feet. 

The scheme adopted is to cut into the line at the intervals 
mentioned, a retardation coil, thus producing a point of high self 
induction. These coils, called loading coils, are encased in iron 
boxes, made perfectly water tight, and so constructed as to be 
mounted on the pole. For cable work, they are pliiccd in manholes, 
the case being so constructed as to be capable of being mounted on 
the side of the manhole. 

For cable work, the loading coil has proved very successful; 
but in connection with open-wire lines, there has been experienced 
considerable trouble due to lightning. This difficulty will no doubt 
be overcome. Transmission Is increased by the use of the load 
coil about 25 per cent. 

PRIVATE BRANCH EXCHANQES. 

Certain classes of subscribers, such as hotels, factories, and 
corporations located in the large modern office building, often 
require an estension of telephone service beyond that given under 
ordinary conditions. This arises from the fact that the number of 
calls per day for this class of subscriber is very high, and because 
n local service is required in addition. For example take the case 
of an insnrance comimny occupying many rooms in an office build- 
ing, and being subdivided into many departments, say ten. The 
head of each department requiring telephonic communication in 
his own office, it will be necessary, unless some other plan be 
devised, to place in each office at least one telephone connected to 
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a direct wire to tho ttslcphone GKchangc. This arran(i;cineiit would 
call for ton direct lines. Now the necessity for these ten lines 
arises from the fact that a tt^lephono umst ho placed in each office, 
and not because this number is required to handle the business. 
It follows, therefore, that each line will be operated far below its 
normal capacity of calls. 

To illustrate the above, suppose the total number of calls sent 
and received by the company per day to be 100. Assiiming that 
the business is equally divided among the various offices, the total 
number of calls handletl by each line would be ten, which does not 
approach the capacity of a telephone circuit. 

Again, in addition to the ctdls to and from other comiwnies, 
there would often be occasion for one department to hold com- 
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mimication with another, which under the existing conditions could 
be done by establishing the connections through the exchange in 
the regular manner. This means that for these inter-department 
communications, lines to and from the exchange must be main- 
tiiined, whereas short linea extending only bt'tweeu the various 
departments are all that is retpiiretl. 

To handle this class of business on a more economical bftsis 
the private /ira/u-h exc/itint/c was devised. The private branch 
exchange is nothing more than a switchboard ijlaced in some con- 
venient locality within the offices of the subscribing comjjany. To 
this switchboard are nm from the exchange a sufficient number of 
lines to handle the total number of culls for outside iwints. From 
this switchboard also exti^iid lini'S to each one of the telephones 
placed in the department offices. The lines to the exchange are 
Called trunks, while those to the telephones are called auxiliary 
lines, or extension liiim. 
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The size o£ the switchboard required depends upon the neces- 
sary number of lines of these two classes. For example, if there 
are ten extension lines and two trunks required, the switchboard 
mnst have a capacity of 12 lines. Since telephone business grows, 
as a general thing, it is well to look to the future and provide a 




Fig. 300. 

switchboard with a caixicity somewhat in excess of the actual 
requirements. This practice allows of this class of switchboard 
being made in standard sizes, which are usually of 5, 10, 20, 40, 50 
and 100-line capacities. 

In design and construction these switchboards are of two 
classes. Thoee in which the connections are ma^le by means of the 
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usual connecting cords, called cord hoards, and those in which the 
connections are established by means of keys, called cordless hoards 
The 5 and 10-line brand are usuaUy of the latter class, while those 
of larger capacities are of the former type, on accomit of the ex- 
cessive number of keys required were they constructed in this 
manner. The cord boards are of the type of the standard switch- 
board, but made of various sizes to meet the requirements of sab- 
Bcribers and with a view toward economy of space. 




Fig. 301. 

,In Fig. 299 is shown the circuit of a trunk line terminating in 
a private branch exchange board; and in Fig. 300 is shown the 
wiring of the cord circuit and oiierator tt^ltjphone set. 

Referring to Fig. 21)9, the trunk is shown entering the office at 
a. It is wired in the same manner as an ordinary subscribers' line 
in every particular, and in the exchange is connected in the usual 
way to the proper subscriber multiple and answering jacks. At h 
is shown a small cross -connecting board, which is mounted in the 
rear of the private branch exchange switchboard. This cross-con- 
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necting board is coiistruck'd in a similar maimer to that shown in 
Fig. 172. It is eiialppLHl with two row8 ot higs, as 1 and 2, and 3 
and 4. To the bottom row the wires from the outside are soldered 
while the line jacks, such as 5, are permanently wired to the other 
row, the circuits being completed by the cross- connecting wire 
shown by the broken lines. It will be seen that the circuit is the 
same as that of a subscriber line entering a standard switchboard. 

Referring to Fig. 300, it will be seen that the cord circuit also 
is the same as that used on a stamlard switchboard. The ringing 
current generator is of the same type as that used on a subscriber 
telephone and is turned by hand. The transmitter battery is usu- 
ally made up of two Fuller cells. The switchboard is designed for a 
capacity of 10 pairs of cord circuits; but where the full capacity is 
not needed, is only partially equipped. In private branch exchanges 
where the business is so heavy that it woidd be inconvenient for 
the operator to ring with a hand generator, ringing current is sent 
from the exchange over special conductors, and wired to the ringing 
keys of the private branch exchange switchboard. The extension 
lines are wired at the private branch switchboard end, as shown 
in Fig. 299. 

In Fig. 301 is shown a complete connection between the 
exchange, and an extension station at a private branch exchange. 
Here the multiple jacks in the exchange are shown at a, h, c, and 
d; while the answering jack is shown at e, the drop at /J and the 
busy-test and restoring battery at ff. The intermediate distribut- 
ing board is seen at h and the main distributing board at i. The 
type of switchboard here shown is bridging, but might just as 
well be series. Atj is shown the trunk to the private branch ex- 
change, and it will bi! seen to be ternunated at the connecting 
board k. The jack ia shown at I' and the drop at w;'. The exten- 
sion telephone is shown at ?;, and it will be seen that the exten- 
sion line is wired to tlie, connt'ctiug board k as already described. 
The jack is shown at I and the drop at 7/i. The connection is 
shown completetl through the cord circuit. The connection at 
the exchange is put through in one of the many ways already 
described. 

A connection between two extension stations is shown in Fig. 
302, where it will be seiui that the conditions are identical to that 
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of a connection between two stibscribcr lines ma<le over ;i stand- 
ard switchboard. 

In the case ot a connection as shown in F^. 301, the clearing 
out ie simultaneona nt the exchange and at the private branch. 
Both subscribera ringing off, throw the clearing out drops at the 
main exchange and also at the private branch. The operator at 
the private branch disconnects the extension line, while the oper- 
ator at the main cschaiig*^ supervises and asks; "Are you 




Fie. ^Wi. 

through?" The private branch operator who is listening in says 
■■ Yes," and clears the trunk. The connection is then cleared in 
the main exchange. 

One of the most approvi'd types of cordless private branch 
exchangt! boanla is shown in Fig. 303. Hero the lines are shown 
at 1, 2, 3, 4, and 5; they are wired to the middle contacts of the 
keys h, h', h". A'", and k'" respectively. These keys are con- 
structed on the same principle as the ringing key, but are 
equipped with cams which normally keep the middle springs 
away from both the inner and outer contacts. Wh(^ii they are 
thrown one way. contact is niadi' bi'tween the inner points and 
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middle springs; jind when thrown the opposite way, contact is 
niade between thi- middle and outer springs. The outer spriugs of 
these keys are bridg^-d tc^ether as are the inner contacts, so that 
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by wiring the cams of any two keys in the same direction the 
two lines wired to them are connected together, either through the 
inner or outer contacts. Bridged to each line is the line drop 
shown at «, 5, c, d, and ^. They are of the same construction as 
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those used as cleiirlng o\it drops, having a resistance, of 500 ohms, 
and being surrounded with iron shells to ijn'vent cross-talk. Also 
bridged to each line is a listening key I, l\ V, ^'", and l'", all con- 
nected to tlie operator telephoiie set /;/. 
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The method of operating this board is as follows: Suppose 
that the subscriber on line No. 1 wishes to be connected to line No. 2. 
The line is mng on and the drop a thrown. The operator throws 
the listening key I and communicates with the calling party. To 
make the connection, keys A and A"' are adjusted to make contact 
. on the outer contacts, and the circuit is established between the 
two. If while this connection is being maintained, and additional 
connection is ret^uired between line No. 2 and line No. 5, the keys A' 
and h'^ are atljustcd to make contact at the inner poiuta, thus 
cutting the circuit through. Considering the number of keys re- 
quired, this type of board ia not flexible, as only two connections 
can be established at the one time. The advantages, however, 
lie in the small amount of space occupied by the board, and the 
ease with which it can be operated. 

In Fig. 30i is shown a general view of this type of board 
The droiw and keys are mounted in the face of a neat cabinet a. 
The drops are shown at h, c, d, e, and/, the connecting keys at g, 
h, i, J, and k, and the listening, keys at ?, m, n, o, and p. The 
cabinet is designed to be mounted on a desk, and the wires are 
brought up tlirough a liole in the bottom. The lid is hinged bo 
as to lift up and give acct^ss to the inside. 
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AUTOMATIC TELEPHONY. 



Tlie spirit of the present age is not lietter shown fortli than 
by the ever-increasing demand wLitli indnstry, pressed l»y tlie 
keenness of competition, is making n]K»n genius for tlie invention 
of labor-saving and time-saving maehinery; and nothing pays 
liiglier trilmte to the breadth of ihe human intellect than the char- 
acter of the machinery wliicb has been evolved as the result of this 
insistent call. Indeed, we are sliding^ 
rapidly into an automatic age. The 
work that once was done by hand, then 
by hand-guided machines, is now done 
l>y automatic devices. Scarcely a large, 
up-to-date factory but has in one or more 
of its dejmi'tinents a Itattery of automatic, 
machines busily engaged in tnrniiig out 
such tilings as screws, buttons, tin cans, 
cloth, shoes, ora thousiiinl othei" varieties 
of useful articles from the raw material, 
with surprising nicety aiid tremendous 
speed, reducing tlie cost of manufacture 
to u mininiuni aiui widening the field 
of sale. We have wondered at the in- 
genuity of these machines and marveled oi^sk iviephune, 
at their cleverness, but we have looked 

upon their invention and introduction as something that was bound 
to come, as only another step in the logical order of things. We 
have waited for tliem. and havf not, therefore, been siirprise<l at 
tJieir successful advent. 

Few of us, however, as we have stood before a telephone box, 
wiggling a switch hook, or whirling the crank of a hand generator, 
and impatiently waiting for time and the "Hello girl" to bring 
us our connections, have ever gone so far as to ho[ie. or even con- 
ceive the idea. tJiat tliis genius who iiad bo long presided over the 
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central office, would ever be nnseftted and her place occupied by an 
iron machine whose speed and acctiracy would discount her best 
performances, and yet that day is here. The States are already 
dotted with automatic telephone exchanges, which are giving serv- 
ice to thousands and thousands of eiibscribers, and with such 
success that it is not hazarding anything to predict that a few 
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years will see tlie absolute divorce of the ojHsrator from the ex- 
clianfje room — except, of eoursf, for long-distance calls, for wliich 
her services will probably always be needed. 

Historical Retrospect. The application of the antoiTratic idea 
to telephony is not new. It is considerably more tlian a decade 
since Strowger, an obscure Chicago engineer, brought out the first 
automatic telephone. The Strowger Automatic Telephone Com- 
pany and the installation of a number of small exchangee resulted. 
These exchanges were successful, not so much in what they actually 
accomplished in the way of improved service, as in the promise they 
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gave of future development in that direction. The apparatus was 
tTude,iin()erfect,and complex; but the fundamental ideas involved 
were right and required only better expression. 

Ten yeara passed, ten years of experiment and persistent 
effort. Strowger died. The Automatic Electric Oomjmny was 
organized to take over the Strowger patents. Further experi- 
menting was done, and greater capital expended. The result lins 
been a system from which the im- 
perfections have been eliminated, 
a system which is scarcely more 
complex than the manual switch- 
boards now in general use. The 
limit of capacity is no longer 
reached at 1,(K)0 stations. In fact, 
the business of the very largest 
city can l>e handled as efliciently 
and conveniently as that of a town 
which reqnires but a hundred tele- 
phoiK-8. In Chicago to-day an au- 
tomatic exchange of 10,000 sta- 
tions is already in operation, and 
others will be added as occasion 
demands, the ultii.iate purpose wau Teiephouc. 

beiliy to handle the business of Showing Method ot OperBilog Oliil 
(^ . . ana Making Call. 

the entire city. 

The Automatic Mechanism, A study of the apparatus which 
has made all this possible, will, no doubt, be interesting and in,- 
structive. The telephone itself resembles, in many particulars, 
the manually operated telephones with which we are so familiar. 
It consists of the usual transmitter, receiver, bells, battery, and 
induction coil, adding only a calling dial, a circular metal piece, 
on the periphery of which are ten finger holes numbered 1.2.3-4- 
5-0-7-8-0-0. A stop is provided at the lower of the holes to limit 
the distance which the dial may be made to revolve. 

How a Call Is Made. The method of calling is very simple. 
To secure a number, say 761. the subscriber first lakes the receiver 
from the hook; then placing his finger in hole number 7, pulls the 
dial around to the stop above mentioned. When released, the dial 
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is i I iH tan tan coil sly rostored to its normal position. The siibscriWr 
is DOW connected to a trunk line leading to the seventh group of 
so-calK-d "connector" switches, which we may call the '-seven 
hundredth " group. In the same manner he calls 6 and 1 in this 
group. Having turned the nunilwr desired, he presses a button 
underneath tlie dial, which 
rings the bell of the pt'ryoii 
wanted, and the connection is 
completed. In theevent that 
the 'phone of the snbscrilM?r 
called is busy at the time of 
the call, a vibratory Bonnd in 
the receiver of the caller noli- 
ties Lim that such is the ca^-. 
The keyboard or internal 
mechanism of the telephone, 
occupies a space 5x3x2 in- 
ches, and consists of an iui- 
pulse-sending mechanism, 
which, in response to tlie ro- 
tations of the dial, communi- 
cates to the subscrilx'r's switch 
a number of impulses corre- 
sponding to the numlx'r of the 
hole in which the finger is 
placed, lifting the shaft which 
occupies tho central position 
of the switch, up to the proper 
row of contacts, and bringing 
the "wiping fingers" fastened 
thereto, into connection with 
Automatic T.>ii-i>hi>ni> Hwinb. (||^. proper contact in that row. 

It should lie understood 
that, wlien the call is niaite, no impulses aro sent over the line on 
the down movement of the dial, but on the return. This is arranged 
for the protection of the instrunjent against careless or hasty Bub- 
scrilKTS, The return of the dial is regulated by a governor which 
always iiiHures pro]]er speed. 
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The calling iiiwihaiiisin may btt said to be jwirfect. It is sim- 
ple, and works with reTiiarkable accuracy, speed, and precision. 

The Switch. The switch, shown in the accompanying ilhis. 
tratiuns, is a device about 13 inches in heiglit, 4J inches in depth, 
and 4 inches in breadth. The upper half erf this device consists 
of two relays and three pairs of 
magneta mounted on a soHd cast 
metal base. These relays and 
magnets, together with the 
proper springs, wires, etc., oper- 
ate a vertical rod in the center, in 
obedience to the impulses sent 
from the subscriber's telephone, 
and bring the three pairs of 
■• wi pi ng fingers " attached there- 
to, into connection with thebiass 
contacts, which, arranged in three 
semicircular banks, constitute 
the lower half of the switch. 

The upper of these hanks, 
known as the "busy bank", 
serves to indicate busy lines in 
the automatic selection of 
trunks. Tlie lower two are "line 
banks", to which the line wires 
connect, and over which the con- 
versation is held. 

Two classes of switches are 
employed, one known as "select- 
ors ", of which there is one for 
every telephone connected witli 
the exchange, and the other as 

*^, Automstlc Telephone Sivltdi, 

"connectors , of which there are gj^j^ y^^^ 

ten for every hundred selectors 

and which are in groups each capable of connecting one hundred 

telephones. Tlie function of the Belector is to connect the calling 

telephone with the connector in the proper group, which in turn 

connects with the telephone desired to that group. This is the 
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case ID exchanges uf one tLuiisatid capacity or less. In larger 
exclianges a second collector is employed. This is an internnediate 
ewitcli, and divides the work of selection with the first selector. 

Trunk-5electins System. The trunking system employed is 
very much akin to that now generally used in manual practice and, 
therefore, neetls no description here. It may be said, however, thai 
the selection uf trunks is automatically accomplished, the "wiping 
fingers" on the shaft of the selector 
switch ]>as8ing over all busy contacts 
and stopping at the first idle point. 
Accessories. The accessorial 
equipment consists of a 52-voU 
storage battery, which furnishes 
the current for operating the 
switches; a cross -connecting board 
or distribniing rack, equipped with 
carbon lightning arresters and heat 
protectors; a ringing machine with 
"busy back" and "howler" at- 
tachment; charging machines; pow- 
er board, on which are mounted the 
usual knife ewitchea, circuit-break- 
mu; iur ot wuiL uvifiiiiuiiu ''''^i ^'"'tmeters, ammeters, etc., 

nttvBsary for controlling and meas- 
uring the current; and a -lell-tale" boai-d. 

This liiHt consists of a number of S- can die -power lamps 
mounted on a marble paiiel, toiu'lher with a magneto bell. In 
case of a short circuit or "ground" on any line, the bell rings and 
the lamp on the piiiicl glows. The position of this lamp instantly 
indicates to the attendant the exact location of the trouble, and 
oft-times enables him to rectify it before the subscriber is aware 
that there has been any trouble. 

The automatic switches are mounted on steel shelves, twenty- 
five to the shelf, each board containing four shelves of first selectors, 
and one shelf of connector switches. This is the arrangement for 
a system of 1,000 stations. In a 10,0()0-station system, the board 
is made up of six shelves, four of tirat selectors, one of second 
selectorp, and one of conueclor switches. The floor apace occupied 
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by Buch a switchboard is 11 feet 6 inches by 12 inches. The 
switchboard is made of steel angles and is rigidly braced. 

A very important feature of the automatic switeblioard is that 
it can be increased to any capacity by simply adding new sections 
with the desired number of switches 

mounted thereon, without in any - 

way interfering with existing con- 
ditions. Ninety-five per cent of 
tlie electric contacts and connec- 
tions are made at the factory; con- 
sequently better results aresecnred, 
as wel] as time and expense saved 
in installation. 

Advantages of the Automatic 
System. 1. A switchboard has no 
operators; and ttiua one of the lai^e 
lixed cliargea iactdent to manual- 
exchauge operation Is ellmiuated. 

2. There being uu operators, the 
automatic exchange can be located In 
leas expensive quarters than themau- 
ual. No reading or retiring rooms are 
ueeded, no lockers, uo lavatories: and 
the cost of fuel and lighting is reduced. 

3. One switchboard attendant, 
for testing and keeping apparatus In 
order for 1,000 subscrlbera, is all that is 
needed in tlie automatic practice. 

4. The cost of maintenance and 
interior e<|ulpmeut is uo greater, and 
in large exchanges is less than in the 
manual exchange. 

5. The service which the auto- 
matic system gives, unlike that of the 
manual system, is absolutely secret, 
each subscriber having a "private 
wire" on which to transmit his com- 
munication— auiadvantagethatcanuot AulomaUo Teleptone SwJlch. 
be overestimated by the general busl- 

.... Hear View, 

ness man, as well as by the broker, 
the lawyer, and the physician. 

6. The subscriber himself instantaneously connects with the person 
he wishes to call; and the apparatus is so construeteil that it is an imp.iB- 
sibillty for another subscriber to "cut In" or in any way Interfere with 
the line he Is using. 
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T. The freijueut delays aud mistakes which tlie manual buanl 
causes are eutlrely uiikuowii to ueere of automatic telephoues- The 
switches du not make errors uur goHsip; are never weary or sleepy; arc 
Dot taterested lu subscribers' affalis; and are not Iraputlent. 

8. The uomplexity of the automatic exchange does not increaMc 
proportionately to the Increase of size, as is the case with manual ex- 
changes, where the uost of giving service is uauch more per subscriber In 
large thau iu stnall exchanges. The cost of operation in the automatic 
exchange Is Ilxed. An increase is merely a matterofaddin;; new tele- 
phones and switches, the cost of operation being the same per, vibscril>er. 

9. The automatic switch Is thoroughly cosmojioUtan In its nature, 
no interpreter lieiii;^ needed by the foreigner in a country where the auto- 
matic eKCbange is located, any person lieing able to secure the desired con- 
nection by simple rotations of the dial. 

10. The same uumtier of automatic switches are always at work, 
night and day. 

11. Quick Cdiuiections, instantaneous accomniodatiuns, jirotnpt 
RiLBwers, accuracy, and pmmptnesa, with the busy signal given wheu 
the subscriber called is busy. 
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WIRELESS TELEPHONY. 



The traDBmissioii of intelligence by electricity has reached, in 
its broadest sense, its final stage of development. 

Intorcominiinication by means of an electrical disturbance set 
up for the purpose of propagating energy representing the alpha- 
betic code or articulate speech, may be divided into four general 




Fig. 1. 
classes, namely, telegraphy with ivlres, telephony with wires, 
telegraphy without wires, and telephony without wires. 

These principal classes may, it is evident, again be subdivided 
into many branches, but there can be no further evolution in the 
arts of sending and recty ving messages by electrical methods, where 
instruments ure interposed between those who are to be brought 
into mental relationship with one another. 




Fig. 2. 

This is not to say that each of the forenamed systems approxi- 
mate in their present state anything like perfection, for all are more 
or less crude in practice if not in theory, but any improvements 
that may be made in the future must be in degree and not in kind. 
Hence the raisoii (jfttre for the mamerous arrangements for wire, 
and when wireless telegraphy made its spectacular d4but a few 
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yfiirs ago, to the casual observer there Beemed no good and valid 
reason why speech propagation and reception without wiree were 
not already at hand, but to the investigator it was soon revealed 
that history was reix'atiug itself and that wireless telegraphy and 
telephony were as different in all their phases as were tteir pre- 
' decesBors which utilized the connecting wire. A brief analysis ot 
these differences that mark so clearly the dividing line Jjetween the 
four great classes enunieratetl, will assist materially in an under- 
standing of the final principles of wireless telephony. 



Sf 



FiK. 3, 

When Morse took up the study of telegraphy a working knowl. 
e<lgi^ of the laws of electricity had not as yet been very accurately 
deiluced. Induced and alternating currents had been explained by 
Henry and Faraday, but their usefulness remaintnl to be indicated. 
It was well known, however, that a direct current traversing a wire 
was eaijable of enei^ining an electromagnet, and from this fact 
Morse conceived the idea of the relay— the device that made 
tf^legraphy a commercial factor. 

Although nearly half a century elapsed before Bell mode his 
successful essay to produce a siKsaking telephone, electricity had not 
made as much progress as might have been expected; Reis had 
attt^nijited to construct a telephone by utilizing a rapidly inter- 
mittent current, and these futile trials led Bell to believe that such 
a method was impractical; experimenting with steel roeds vibrating 
oviir magnets he produced currents of varj'iug strengths, termed 
undiilatory curnnifs, in virtue of their wave- like characteristics, and 
this formed the basic principle of the telephone. 

In Marconi'8 wiri'less telegraphy any kind of a low-voltage 
current may bi" transformed intooneof high potential and frequency, 
but the oscillations of such a transmitter emit their energy in the 
form of a train of waves with long intervals of time between them, 
aiid these arc not, therefore, at all adapted to the transmission of 



,y Google 



WIRELESS TELEPHONY 3 

voice undulations. There are sevtiral methods whereby articulata 
speech may be transformed into electric current waves which niiiy, 
in turn, be propagated through the ether of the air, earth, or water. 
The^rsi of these methods consists of a battery and a telephone 
transmitter connected in series, with the terminals which are embed- 
ded in the earth or immersed in the water, thus forming a circuit; 
when the uudulatory current flows through it, the lai^^r portion of 
the energy is dissipated, flowing out in cunetl stream lines, owing 
to the gn^at cross-section of the earth, and extending to consider- 



KuhmtT Phtiio-Elwiric Telepbooe, Thp Trausiiiliuir, 
Fis- i. 

able dietances. Now if a coniplenientary equipment consisting of 
a telephone receiver is likewist; in contact with the earth by having 
its terminals similarly grounded, when the ener^ impinges upon 
these the current then flows through the receiver and siieech may 
be accurately reproduced. 

A second method, ideal in its simplicity, is accomplished by 
electromagnetic induction; everj-one knows that when a ciirrent 
flows through the primary of an induction coil alternating currents 
are set up in the secondary coil by what is called induction, but 
everyone does not know that these coils may be widely separated 
before the limits of the inductive influence will be reached. If, for 
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instance, a telephone transmitter and a source of electromotive 
force approximating 25 volts are inclnded in the circuit of a coil of 
wire having, say, 25 turns and a diameter of 5 feet, and a telephone 
receiver is included in a coil of 
wire having 60 turns anda diam- 
eter of 3 feet, words spoken into 
the transmitter may be distinctly 
heard in the receiver when the 
two instruments are separated a 
distance of 100 feet, providing, 
of course, that the coils have 
their pianos parallel with each 
other. This is the inductivity 
method and like the one previ- 
ously described, it is operated by 
a low- voltage direct current. 

The invention of the tele- 
phone receiver letl to many inter- 
esting experiments and to many 
curious discoveries. Bell in 
working with his new teU^phone 
devised an apparatus for tele- 
phoning on a beam of light. 
This instrument, which he 
named the radiophone, also in- 
volved the use of selenium, a 
substance that possesses the 
very remarkable property of 
varying in its electrical resist- 
ivity and its reciprocal when 
fused in between two connect- 
ing wires of platinum or silver. 

This apparatus is shown in "8- «■ "^"■E^rTM^^Be'* " ^°^ 
the diagram, Fig. 1; the trans- 
mitter used by Bell was not electrical, for the transmitter as we 
know it had not been invented; it comprised the mouthpiece 1 and 
shell 2 for supporting a thin metal diaphragm 3; to the latter was 
attached a small concave mirror 4, a plane mirror 5, convex con- 
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dcnsing lens 6, and projectinglenB7, nllof which, suitably monntw] 
on a frauio, complcti'd thts apparatus for triinsforuiing the air 
vibrations producetl by the voice into light vjiriatlons ot tlio pro- 
jcctuil Ik'RIII. 

Th(.' rt'ccivcr was formed of a parabolic mirror 8 of largt; 
lUauic'Uir and in tht; focus of this a at'leniuui ci'll 9 was adjusted: 

0.- a- a- a- 



llif tenniiiala of the conducting wires or electrodes of the cell leJ 
through insulattnl bnehings in the reflector to tlie back where they 
were connected in series with a battcrj' 10 and a telephone receiver 
11. When in operation the successive transformations take place 
in the following manner — the light from the sun is reflected by tin.' 
plane mirror 5 to the condensing lens fi where its rays are focused 
on the concave mirror 4. From the latter the light is reflected to 
the lens 7 where it is propagat*'d through the intervening space to 
the larger parabolic reflector H, whert; its diffused waves are col- 
lecti^l and concentrated to a i«'ncil point on the neleninm cell 9. It 
is evident that any clianges in the intensity of theliglit will change 



the rcsifitjuice of the selenium cell, varying in constiiuence the 
current from the battery 10 and finally atfect the telephone 11. 

When wonla are sjKJken into tlie transmitter tliis is pri-cisely 
wliat tiikes place, for tin; niovttments of the diaphragm of the truns- 
mitttT cause the concave mirror to vibrate in unison with it and 
every changt; is thus indicated at tlie receiving end in virtue of 
these fluctuations. While the distance to which Bell was able 
to propigatc the light variations n'presenting the human voicL' was 
probably less than one hundred fetit, recent improvements in tlie 
system by Herr Ernest Ruhmor have resultetl in the trausinissiou 
of six'ech a distance of several miles. 

This was made iwssible through the R'markabK- adxam-e of 
electro -physics during the past few years. Prof. H. T. Simon 
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aBcertiiiiied that an ordinary arc ligbt could be made to rcprtxhico 
articulate speech more clearly and distinctly than any phonograjth 
by siipprimiK>siny a fci-bli* altcniatiiig current iiiwn a heavy direct 
current. Tliu diagrani. Fig. 2, illnstratos one form of tlie nietliod by 
which this may be accomplished. 

An onlinary tyl«phoiie transmitter 1 and battery 2 are con- 
nected in series with the primary of a small induction coil 3; the 
secondary coil 4 leads through the condensers 5, 5 to the opposite 
carbons Ti, 6, forming the electrodes for the arc light 7; the latter 
is producL^d by a direct JtO-volt current from a generator H or, what is 
yet better, a storage battery. Wlien the speaking arc or arcophoue 



I'VrrylKial K10i:i-"'"'ii1 T':i|iiipp^l \V\th e.iMlnFv' Wir-'lcss 1\-JephoQ(', 
Fig. 9. 

is operated, the voice causes th(! air waves to vary the resistance 
of the transmitter 1 in the usual manner; thecurrent from the bat- 
tery 2, thus varied, energizes the primary coil 3, setting ujj alter- 
nating currents in the secondary coil 4; the condensers 5, 5 pro- 
duce- no apprecialile elFi.'ct on the wave form of tlu^ current which is 
supi;rimposed ujxjn the currt-nt from the generator flowing through 
the circuit formed of the carbons fi, fi; arc light 7, and generator 8. 
The object of the condensers, however, is to prevent thedirect 
current from backing up into the transmitter and burning it out. 
Tlie superimposed cum^nts, however feeble, vary the resistance of 
the arc, and this produces a cliange in its tempt'rature which gives 
risii in tiirn to sound waves. Another imjiortant function of the 
fip'aking arc is that there is also a variation of the intensity of the 
light whicli it emits. 
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It is this by-product, as it were, ot the speaking arc that Ruh- 
mer employed in his photo-electric telephone which, in all other 
respects, is based upon the original Bell photophone. In Ruhmer's 
system the speaking arc is placed in the focus of a parabolic 
reflector whence its rays are directed to the distant receiver, and 
when the two are in perfect alignment the voice into the one will 
be distinctly audible in the other. The arrangement then takes the 



L'pjwr DBOk c>t John O. McCuUiiiikIi, Showing Aerial Wires Usefl In CciUlLs' SjalBm. 
Pig. 11, 

form shown schematically in Fig. 3, and with the description o£ the 
speaking arc and the selenium cell that have gone before, its action 
will be readily apparent, Figs. 4, 5, and 6 are photographs of the 
Ruhmer ai)i3ftratus. 

The writer. A, Frederick Collins, iu endeavoring to bring about 
the advent of a commercial wireless telephone that would not be 
interfered with by fogs or other conditions and would not require 
either alignment or a direct visual line, investigated the several 
schemes of dispersion, inductivity, and electromagnetic wave meth- 
ods. The latter is the most interesting since it partakes of the 
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nature of thii wireless tok-graph as well lis of the win; tek'phooe, 
yi't it will do that which is not ix>ssible with either of the latter, 
i.e., it will transmit articulate siK^cch wireleesly. 

In the beginning of this article it was pointed out that electric 
waves, when emitted by a high frequency ami potential oscillation 
e(iualize<l through a spark gap, were jxTiodic (is indicated in the 
diagram, Fig, 7, the current strength decreasing in geometric pro- 
gression like the vibrations of a straight steel spring. In wireless 
telephony an undulatory oscillation is rec^uired, and this may be 
obtainetl by lojiding the radiating circuit with lai^e inductances 
and capacitic^s whose coefficients possess the proi»!rties of slowing 
down each oscillation until a more or less perfect sine wave results 
as indicated in Fig. H. 

When this jjoint is reached the striking effect of the oscjilatory 
discharg); on the ether is greatly weakened, but at short distances 
the telephone will rusiKind audibly without the usual coherer inter- 
vening; sonii^ of the most recent work by the writer though, has 
shown that a liipiid detector, made by immersing a platinum jwint 
and a iJatiuum plate in an alkaline solntion, iiiereasi's the volinne 
of sound to an appnsciable extent. 

Th<^ first si;rics of tests with this tyijo of apparatus was made 
at Rockland Lake, N. Y., a distance of a mile, while articulate 
speech has he(!n transmifti-d and receive*! under very favorable 
conditions a distance of tlire(! miles and a half. Tests wore also 
carried out betwi'en the ferry boats .lohn G. McCuUough and 
Ridgewood, plying Ix'tween New York and Jersey City. 

Its final (Kloption will i)rev(;nt collisions of vessels in liarbors, 
while telephonic communication bctwe<'n docks and vessels will 
facilitate tnuisixirtation, saving time and money as well as insuring 
the safety of the iiiissengers and crews. It is another step in the 
march of hiiimm progress. 
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PRACTICAL TEST QUESTIONS. 

la the foregoing sections ot this Cyclopedia 
numerous illustrative examples are worked out in 
dolail in order toabow the application of the various 
iDothotiB and principles. Accompanying these are 
exanipU^ for jimctice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a largo number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated^ They will be found oiccllont prac- 
tice for those preparing for College, Civil Service, 
or Bnginoer's License. In some ca.'ica numerical 
answers are given as a further aid in this work. 
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XELEl'HONY. 

PAST I. 

1. What is the best feature in an ioductioo coil, clearness 
or inteasity ? 

2. Describe tlie nature of the alternating current. 

3. Describe by means of a diagram the action of a Bell 
telephone. 

4. Draw the circuit of a bridging telephone. 

6 a. Why cannot the transmitter be used directly on the line? 
Explain fully. 

h. Howdid Edison overcome the difficulty ? 

6. For commercial purposes what law does the fluctuation of 
current follow ? 

7. What are the actions that take place when sound Is trans- 
mitted by the electric telephone ? 

8. What is a simple vibration? Complete vibration? Ampli. 
tudei 

9. Draw the circuit of a telephone line equipped with four 
bridging instraments, and describe fully the method of operation. 

10. What shonld be the shape and resistance of the coils of 
a receiver ? 

11. In an induction coil 10 cm in length containing 50 tama 
of wire in the primary winding, how many lines of force would be 
produced by passing a current of .2 ampere if ^.^=60. 

12a. What limits the distance over which sound can be trans- 
mitted by the Bell telephone ? 

h. What instrument was devised to increase this limit, and 
upon what principle did it work ? 

13. What is the resistance of a series bell t 
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14. Describe the "chloride" storage Itattery, 

15. Sketch and describe some form of transmitter. 

16. For telephone purposes what is the best constmction for 
an indnctioD coil and why ? 

17. Which would give the best results, a transmitter whose 
resistance varied from 10 to 5 ohms, working on a transmitter 
circuit of a resistance of 10 ohms; or the same working on a circuit 
of 100 ohms, the current in both cases being furnished by two 
Fuller batteries^ Give comparative figures. 

IS. What is meant by magnetic lag and how does it affect 
an induction coil ? 

19. Give wiring diagrams of telephone. 

20. What is meant by Pitch ? Intenaity i Character ! 

21. Draw the circuit of a series telephone. 

22. Describe the automatic shunt, and automatic circuit 
closer, and give the reasons for their use. 

23. What is gained by having the pennanent field stronger 
than that produced by the indliced currents in the coil ? 

24. Discuss the relative merits of the Gravity, Fuller, 
Leclanche and dry batteries, for use with transmitters. 

25. What is meant by packing? 

26. What is the reaistance of a bridging bell '( 

27. Sketch and describe the Edison transmitter. 

28. How does the local action announce itself at the receiv- 
ing end ? 

2£). What limits the size of the diaphragm of a receiver ? 

30. In the City of New York, assuming that 15 per cent of 
the calls sent by tlie telephones are for long distance points, what 
form of cell should l>e used' on the transmitter batteries? Why? 

31. When and where should Gravity batteries be used i 

32. On a line 500 feet long, equipped with a telephone at 
each end, what type of ct-ll should be used on the transmitters '; 

33. What should be the thickness of the diaphragm of a 
receiver ? 

34. When should lA'clanche Iwitteries be useo on transmitter 
circuits 1 

35. Describe tlie styU's of hook switch used in connection 
with the American liell Telephone Co's. bridging and series bell. 
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PART II. 

1. Draw the diiigram of (i iK>le showing the typical equip- 
ment. 

2. How are telephones classified? 

3. How should poles be guyed in passing through hilly 
country ? 

4. What is meant hy distribution ? 

5. Of what material are insulators made? 

6. Driiw a standai-d pin, for standard and terminal cross- 
arm. Also draw a trana[)ositio]i pin, for standaixl and terminal 
cross-arm. 

7. What is a terminal cross-arm? Give drawing. 

8. Draw a standard pole. 

9. Describe fully the method of stringing wires. 

10. What is a Mclntire sleeve? 

11. Give a table of allowable sug. 

12. Describe in detail the method nf setting a pole. 

13. Is a pole ever placed in the center of a stream? If ho, 
when ? 

14. What is a cable line, when should it he used, and what 
ai* the advantiigcs it iM)ssesses? 

IT). Doscribo fully tlie method of placing cross-arms, giving 
diagnims. 

Ifi. Discnss'fnily the relative; merits of iron, copper, and 
aluminum for use in the manufacture of tclephonu wire. 

17. Wliat is meant by an open-wire line? 

18. What is tlie reason for creasoting wo<k1? 

19. Discuss fully the subject of pole fittings, giving dia- 
gramB. 
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20. What precaution must be taken crossing a river? 

21. What is a Western- Union splice? 

22. How are calls between two towns best handled? 

23. What points must be observed in the constimction of a 
telephone line? 

24. Describe fully the method of fastening cross-anns. 

25. What is meant by back-guying, side^uying, and head- 
guying? 

26. In going through hilly country, how should the liae be 
graded? 

27. What is the difference between subscriber lines, trunk 
lines, and toll lines? 

28. Why is it not possible to connect all telephones in a 
district to one line ? Explain fully. 

29. What is the minimum allowable height of the lowest 
wire above the ground? 

30. What kind of wood has superseded cedar, and why is it 
used? 

31. What kind of a splice is used in line construction? 
Describe fully. 

32. How should guying be done when the pole is equipped 
with two or more arms ? 

83. Discuss fully the method of calculating the area of a 
wire section in cireular mils. 

34. When are back braces used, and how are they placed? 

35. Describe fully the method employed in crossing roads. 

36. Describe fully tlie manufacture of a standard cross-arm. 
Give drawing. 

37. What advantage is gained by placing the guy stub near 
the foot of the pole? Explain this point fully. 

38. What is meant by an exchange, and how Is it used ? 

39. Draw a standard insulator and a traneposition insulator. 
Describe fully. 
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1. Explain the process of transposing the lines of a tele- 
phone circuit. 

2. What ia a drip loop, and what is its purpose? 

3. What precautions should be taken in climbing a pole? 

4. Describe the action of a come-along. 

5. What is a chipping knife? Describe its uae with 
sketch if necessary. 

6. How does the 4a type of main distributing frame differ 
from the 4b type? 

7. About how far apart should the manholes be in a 
subway ? 

8. Wliy does tranaposinsj reduce cioss-talk ? 

9. Into what two classes may rubbei^insulated cables be 
divided? 

10. Describe the most approved method of stringing cable. 

11. Describe the so-called pump-log type of duct. 

12. What is a spinning jenny, and why is it going out of 
use? 

13. Without referring to the test make a sketch of a 
scheme fot' transposition. 

14. What do you consider s good method of fastening a 
rope to the end of a cable which is to be drawn in ? 

15. What are test points, and how frequently should they 
be placed on a line ? 
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16. How would you tell when paraffine is at the proper 
lemperature ? 

17. What is a jack? 

18. Describe a method of numbering tiie conductois enter- 
ing an exchange. 

19. Why cannot a subway be continuous from start to 
tinish ? 

20. What is a manhole? Describe witli sketch. 

21. What do you umlerstuiid by a cable box ? Desciibe its 
construction. 

22. Describe with sketch the method of drawing in cables. 

23. What is meant by cross-talk? 

24. What means have been devised for supporting the 
messenger wire of an aerial cable? 

25. Describe witli sketcli the effect of electrostatic induc- 
tion on a telephone wire of a neighboring wire carrying an alter- 
nating current. 

20. Which do you consider to be the cause of cross-talk, 
electrostatic or electromagnetic induction? 

27. In niakitig a wiped joint what precautions should be 
taken? 

28. Describe fully the effect of magnetic induction of a 
wire carrying an alternating current upon a neighboring tele- 
phone wire. 

29. How did the Chinnock and Law systems differ? 

30. What are the advantages and disadvant^es of under^ 
ground cable bnes? 

31. What is meant by a pot head? 

32. What is the usual construction of a submarine cable? 

33. Describe with sketch the wiring of a test pole. 

34. In laying underground cables, why was it necessary to 
diaw them into some form of duct? 

35. Describe the mandrel used in laying ducts for undei^ 
ground cable work. 

3C. ilow does a clearing-out drop differ from a line drop? 
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I'ART IV. 

1 "VVlmt is meant by a full iniiltiplti BwHcliboard ? 

2. Why were primary batteries superseded liy storiige bat- 
teries 'i 

H. IIuw are calls handled in a standard board ; 

4. Wliat is tlie standard potential fur the etiirjiiion battery 
system 'i 

5. What are strippiiif^ trunks and liow are they usiMi? 

tS. In the mamifaetiire of switchboard cabW, liow are the 
wires distinguished ? 

7. What is tlie use of a self-reatoring drop? 

8. Of what two classes are multiple switchboards ? 
II. Draw and describe tlie operator's cord circuit. 

10. What is meant by » disconnect signal '! 

11. How is a cable formed 'i 

12, What is a multiple switchboard? 

13. What kind of a drop is used on a bridging Inmrd and 
how is it wired '( 

14, What are circuit trunks V 

15, What points should Iw observHi in soldering wires ? 

Ifi. Draw and descrlbo the inoat advanced ty|<e of trunk 

I)etween bridging lioards. 

17. What is the use of the condeuHer in the subscriber tele- 
jilioneil 

18. What are the two tyjies of switeblxjards ? 
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lit. What are ring-down trunks? 

20. What ia iriMint by the common battery system ! 

21. What is a standard switchboard 1 

22. What piece of apparatus was brought out in connection 
with the bridging board ! 

2:!. What two types of power apparatus are used in a tele- 
phone exchange ? 

24. What 18 gained by the use of the common battery systein I 

25. What is a subdivided multiple board and what advantages 
doi's it possess? 

20. How does the operator make use of the bney test ? 

27. What are the requisites of a charging dynaniotor? 

2S. What is gained by using circuit trunks? 

20. How was transmissiou carried on with the Stone system? 

80. Describe fully the method of trunkiug between standard 
lioHrds. 

itl. What is meant by a busy test, and what is the necessity 
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PART V. 

1. WLat two types of circuit have been deTised to overcome 
tilt! click heard in the ear when the operator aoswera a call ? 

2. Why are outgoing local trunks and-toll trunlcB multiplied 
every five panels in the toll board ? Explain the point fully. 

3. What three classes of boards are used in a long-distance 
office? 

4. What is meant by shunting out a lamp ? 

5. What are the duties of the recording operator i 

6. Describe fully the method of haudling a call between two 
subscribers whose >lines are in the same exchange both with the 
magneto and with the common battery system. 

7. What are the duties of a supervisor f 

8. Describe fully the method of handling a call with the 
common battery syetem. 

y. What two purposes are toll boards used for i 

10. What is meant by operating ? 

11. How many kinds of service do telephone companies give 
and what are they '( 

1'.^. What thn^ti classes of calls are handled in a long-distance 
exchange ! 

l';i. Describe the method followed in putting a call through 
the recording board. 

14. Draw and describe fully a trunk from a magneto to a 
common battery office. 



,y Google 



TELEPHONY 

15, "WhAt is the n&tnre of the busineBS done by the Long- 
Distance Coinpnny J 

10. How is the force in a telephone exchange mads up ! 

17. Id connection with what classes of calls are tickets used ! 

18. What is meant by a " lost call", and how can the percent- 
age of lost calls be reduced ? 

19. What is the trunk line relay ? 

20. Why are not Bubacribera' lines multiplied every five panels 
in the subscriber board } 

21. What are the duties of the monitor } 

22. What is meant by the tandem trunk method ? 

23. On all trunks from local battery to common battery ex- 
changes, what is the method used at the sending end, to properly 
work the signal at the incoming end 3 

24. What is the circuit trunk equipment of a toll board ? 

25. How would a call from Washington to Boston be put 
through New York? 

26. What are the duties of the manager? 

27. "What point is gained in a truolc between two cumnion 
battery exchanges t 

28. Are busy visuals nsed on circuit trunks ! tiive the 
rsMOnBtullj. 

39. What are the duties of the chief operator 1 Explain this 
point fully. 

30. How are the hours of the operators arranged, and why t 
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1, What did Pupin'a discovery conBist of? 

2. What geoenil plao ie followed by the wire chief in 
making teste I 

3.' How do the Biibscribers call the operator ? 

4. What two forces of men are occupied in the work of 
cable maintenance ? 

5. If the wire chief should receive a report that the operator 
could not ring a Bubscriber, but that conversation could be carried 
on over the line, what kind of trouble would he expect to find, 
and how would be make his test 1 

6. What analogy exists between the transmission of wave 
motion over a cord, and the transmission of electrical wave motion 
over a conductor ? 

7. In regard to a private branch exchange what is meant 
by .a trunk ! 

8. What are the Murray and Varley loop teste and when 
are they used ! 

9. What is meant by the term " party line " ! 

10. How are load coils connected to a line t 

11. How can you determine with tbe voltmeter, the presence 
of a ground t 

12. Describe in detail the nature of tbe tests used by the 
galvanometer man in determining the cajmcity and insulation 
resistance of a cable. 

13. What is meant by "load coils" f 

14. What two types of private branch exchange switchboards 
are there { 
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15. What is the beat type of galvanometer for the use of the 
galranometej inao ) 

16. How are heat coils tested ! 

17. Define capacity reaction, inductance reaction, and re- 
si stance reaction. 

18. What points limit the number of inatrnmente that can be 
BucoessfuUy operated on one line } 

19. How does the galvanometer man proceed in locating 
trouble ? 

30. What three reactione are Bet up in a circuit over which 
an alternating carrent ie flowing * 

31. How is a ground in the multiple located ? 

22. What does the work of the galvanometer man consist of ? 

23. Snppose that a kite tail fell acrose the two conductors of 
an open-wire line, on a foggy day, what would be the natnre of the 
trouble cansed ? Give reasons for your decision. 

24. Row is a cross detected and how is it located ? Describe 
fully the method of testing. 

25. What is a private branch exchange i 

2C. Describe in detail the method of locating an open. 
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Electric Company 

noilwauhee, tn. S. H. 



Cyclopedia 
of Applied Electricity 

Published in Five Volumes. 2,500 
pages. Over 3,000 illustrations. 

2,500 sets sold in 60 days. Second 
edition now on the press. 



price: 

(SUBJECT TO ADVANCE) 

$30.00 



••The must valuabli work on 
modern practice in Electrical 
Engineering ever pr educed," 

" Aittharitalive and practical itt 
its statement and treatment »f 
Electrical sutjeets. ' ' 



American School of Correspondence 



Armour Inatltut« of Technology 
Chicago 



IzecoyGoOgIC 



1lJr_|.— — „ Our line of Single Phase Induction Motors is veiy complete in 

every respect. They have proven their value by years of 

successful operation all over the country and abroad. Bulletin No. 68 tells 
all about them. 

Transformers w.p,=, m™ii,m=™ a, .11 ta,»=„ci=. .nd voiug=. 

.11 I .11 can be depended upon for all classes of work and 

under all conditions of service. Bulletin No. 6$. 

Tn^tnimPflt^ We manufacture them forD. C. and A. C. service. 

Ammeters, Voltmeters, Indicating Wattmeters, for 

single and polyphase circuits, and Power Factor Indicators. Bulletin No. 67. 

-•71/IntOr- OpnPTfltors: Both A-C.-D-C. and D.C.-D.C. Wesup- 
XVrjP:^ -^Zl ply 'hese as well as the controlling switch- 
t& Vehicle Charging Outfits ^^^^ p^„^,^ f„. Automobile Stations as 
well as for private use. See Bulletin No. 69. 



6s H. P. respectively. Bulletin No. 34. 



moderate and slow speed, up ti 



Wagner Electric Mfg. Co. 

St. Louis, U. S. A. 
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the followlnfl pases are taken from the bul^ 
h of the american school of correspondence 
rmour institute of technolosy, chicaoo. 
other courses offered are architecture; 
., mechanical, stationary, locomotive and 
ne enoineerino; heatino, ventilation and 
ibino: sheet metal pattern draftihs; mechan- 
and perspective drawino: rcfrioeration; tel' 
leoraphy: and textiles, includinq the 
ufacture of cotton and woolen cloth, tex' 
desiqn, and knittino; also college prepara' 
r courses for ensineerinq colleoes. 
complete bulletin of 800 pases sivinq com. 
e synopsis of above courses may be had on 

JEST. 
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Main Building, Armour Institute o( Tecbnology 
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DEPARTUENT OF 

ELECTRICAL ENGINEERING 




COUBSES 

ELECTRICAL ENGINEERING 

MECHANICAI^ELBCTRICAL ENGINEERING 

CENTRAL STATION WORK 
ELECTRIC LIGHTING * 

ELECTRIC RAILWAYS 

TELEPHONE PRACTICE 

THE ELECTRIC TELEGRAPH 

ELECTRIC WIRING 

ELECTSICAL EHODIEEBINa 

HE rapid development of Electrical Engineering during 
the last few years has been due largely to a recognition 
of the real importance of theory. Success in practical 
work is attained only by the application of sound theory. 
The courses in this department aim to give thorough in- 
struction eoneorning the most essential of these tlieories and their 
practical applications to the industrial arts. 

The Btudent first Inys a foundation by taking the preliminary 
studies which are elementary in character and treated as briefly as the 
technical work will permit. The technical portion includes instruction 
in batteries, Ohm's law, induction, etc. Both direct and alternating 
current machines are discussed in detail and many suggestions given 
for their practical management; the application of electricity to light- 
ing, bell-work, railways, central station work, telephones and telegraph 
are taken up in a manner suited to the practical man as well as to the 
student. 

The methods of testing with instructions for using measuring in- 
etruments make the various problems easily under.=food. Among the 
interesting features of the course may be mentioned, storage-battery 
work, practical direction? for wiring houses for electric bells, electric 
lights, burglar alarms, gas lighters, etc. To make tlie work more com- 
plete, especially for those engaged in central station work, instruction 
is given in steam boilers, pumps and engines. 
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ELECTRICAL ENGINEERING COURSE. 



nCLUSIVO MECHANICAL 



Prepared for Electrician*, Electrical Engineer*, Power Station Engi- 
neers, Motormen, Automobile Drlvera, Dynamo Tenders, Teetere, Line- 
men, Dealgners, Draftsmen, Telegraph Operators, Telephone Inspectors, 
Lamp THmmers, Inventors, Chemists, Patent Lawyers, Instructora, Stu- 
dents, Dealers In Electrical Machinery, and others. 



INSTRUCTION PAPERS IN THE COURSE 



Blementa of Electricity. 
Elementary Matbemutica H 
The Electric Ciitreut, 
Theory o( Dynnmo-Bleclrlc & 
Direct Current pjnanioa. 
Direct Current Motors. 
Types or nynBmo-Electrlc Ma 
MflDagement of Dyoauio-lilc 

clilnery. Part I. 
Maiingemeiit of Dynamo-Ele 

Btorage Batteries. 
Electric Wiring. 
Electric Lislitlng. 
Electric Rail way a. 
Ileal. 

Klcuients ol Chemlatry. 
■Metallurgy. 
Mathprnatlca <4 porta). 
Ele<'trtcal MenauretiientB. 
Alternntlng Current Macliy. 
Altcrnnting Current Mncliy. 
AlteriiatlDg Current Macby. 



Part IT. 

Part V. 
Part VI. 



Ailernntlne Cnrrent Macby. 

Allemnting Current Macby. 

Alternating Current Macby. 

Mnhnnlca. Fnrt I. 

M whan lea. Pert II. 

Uecbanism. 

Types of Boilers. 

Itoller AccpBBoriea. 

ateani Pnnipit. 

Steam Knglne. Part I. 

Hlenm Engine. Part II. 

I-ower Rtatlona. 

1*0 wer TrananilBslon. 

Design of Direct ("urrent Dynamos. 

Mecbanlcnl Drawing. Part I. 

Mechanical I>rawlng. I'lirt II. 

Me<:bunlcal Drawing. Part III. 

Mechanical Drawing. Port IV. 
•Mecbanlcul Drawing. Part V. 
•Mecbanlcal Drawing. Part VI. 

Muchlne Dealgn. Part I. 

Macbiue DealgD. Part II. 



•Optional. 



NOTE: TV /TMfruetiini Paper* pnjxtnd bu Prof. Wm. Bsty. luad of lA* Department of 
Eleetriatl EngineeritKo. Lehiak Univtrnlv. m AltenuiUnc Cunsat HacUsny. daicribi tht laUH 
mae/txTies and Oi^ir operation and Krptain the advaiuxd tAearUe- loithiful th* uee of higher 
mallunuUicm. Tlu papert en UaoajtemsDC ol Dyiuuna Electtlc Maehlneiy. bv Piof. F. B. Crocker 
( jjitlt author Vlilh S. S. Whixtrr of "Practical ManaotTnint of Dvnamae and liatorm") give lite 
matt recent and bemt practice on Ihitndiject. and in Blectrlc Railways, prepared by James R. 
Cravath, Wealem Editor "Street RaUway Joumia," mli be found tiKmaH recent dnislojniimt*, 
iwivdino elevated railwaa work, with /hS trvalnient of the l%inJ Bail. MidtipU I/niC, and 
AUemalinn Current Stitttme; UOBneUc Brvliei, Air Braket, and Safety Ammoemenl*, 
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SYNOPSIS OF COURSE 

GSHS&AL sirmiES 

AsrrsKETia, elkhehtjjit algebra ass 

XEHBITKATiaW, MECBAKICB, XEOHAinEJC 
HEAT, ELEMENTS OF (^EMIBIST, XETALLTTKQT 



EIECTSICITT 




__ _. Tjpea: Oenenl j . „ 

C tiDd C; Eoltier-Ciibat, etc.: Blectnlrtlc Work; Arc Ll(litln( Oeneralon; R 
Uoton; Uatoi-Generaton uid Dfna-moton. 

KAlTAaEXEiri 07 snrAMO-ELEOTBlO MACHHTESY: 

atopplbg! Ovnenion in Parallel: benwuto™' in j 
Tbrw-nlre S;atem: Inapwtlnil TvatlDK; DctMtlni 
ReidhIi dI TranblCB: Sparking: Heating; Nolle; R 

ELECIBIO WIRIMO: Wires; CoTerlnga; Jolnti: Wlrlni 
turei; Cleau; Caainm: Tunn«la; gultctaeg; Plgga; Si 
Fuaea: Metera: Appllcatlona: I'lan* dihI SwrlHcatlana: 
Biaka; Inaunnce Eulei a 
BTOSAflE BATTEBIEa: Planle; Faure; Farming Plal 

OTer DLacbarjrlnff; Uaea; CoDnectloua ; DiagmniH; Bwltcbea; Ri^gulatiun ol Cbarglni; 

ELEGTBIC LleHTIMQ: Lampa; Candle Poirer; Incandiwent Lampa; Are LlKbla; Sfa- 
Ipma ur D\atrlbutloa. Feedera; FotcutUI; Location of Lainpa; Power Required; LoFHtlitn 
and E^iulpmpnl of Plant; Overhead and Underground Byilenia; Wlrtng o( BuHdinga; 

ELECTSIG KAILWAYSt Cur Eqnipment; Armature Colla. U>Hd< and Bruafaoa. Inapee- 




. Pcfdera: HIgb-Teiial 
lointa; Bonding and ] 

L S7Btenia; Operation; 



ALTEBKATHrO-OITRBElIT XACHnTEBY: 



T7p«a; Ttati 



I and SUtlon AppUaacva. 
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POWEB BTATIOXS: 



POWES TBAHBHIBSIOM: 



TELEPHONE PRACTICE 

mpletA, practical couraa for all those engaged tn Telephone Work, 



INSTRUCTION PAPERS IN THE COURSE 



•Tbror)' of Dynamo- Blrclrlc Ma- 
chinery. 

Types of Dynumo-EkiMric Ma- 
chltipry. 

Elpclrlrul M«itBU rem eats. 

Telpiihony Port I. 

Tclepliony Part II. 

Telppbony rHFtlll. 

TpIp phony Part IV. 

Tolephony Part V. 

Telephony Part VI. 



BOmm AXD ELEOTRICITT: Kirn 



TIXEPHOME UXTB: Arnng 



L 


•s 


LInei. 






• 


^ LINE OONBTRQOTION: 

Poles. 8t ringing W 
Suspension Wire. S 
ground Tsble Line.. 
tnK Hiid Pot Readtni 


es. pIlli'"lt(lnBB.'^"r™s Arms"*Brwtln^n o( 
re. Cuylng. Aerlnl Cable Uiiea. Stringing 
spenslon ruble. Guble Cross Anns. Under- 
Suhwnys. Manholea. Pnlling In Cablfa. Bpllc- 
. Termlnnl IVtlnli, Tot Points. Distributing 
ble LlB«. 


LMrcSitr"'"'" '^'"^'*"- 


DSiy Lines. Oross Talk— by Line, by Cenlral 


tlpll'. apvrlul. MHtn I>II>lrlhntliiE Ronrd. 
Wiring. SuhBrribcr iind Tnink clrculli.. 

Mschlue. aped Hi Mii'blDei. 


ting In Outline. »<i-lteh1>i>Brda. Stnndnrd. Uut- 

rder Clrrults. OITIee ClrcnlH. Power Appa- 
Icries. Charging Msehlne. Itlnglog Current 


TELEPHONE OFERATma: Operating foret 
emu. Trunk Cslli. 


Operating Systema. Standard Board. Local 


TOLL OPEBATDia: Toll Buards. Tgll Lines 


Long Dlalanic Swlteh- 


TELEPHONE BY8TEMB: nin>et Line. Fiirtf 
Selncllre Ringing, B. W. C. S)'item. Fou 
mntlc 8j»lenn, Home Sy«Ienn. Prlralc B 


raiicb EiebanBea! 


COXXOir BATTEKT fiYSTEH: Theory, a 
Apparntui, Clrculn. Anilllory Apparatus. 






EPHONE M. 
Chiefs Desk 


AtNTEHANOE: Testing and 
Testing Clrcnlta and Appsra 


dcsrlng Trouble, Wire 



OASLE IIAINTENAltCE: Testing New CoMex. Cutting Into Service. 

AIM courses on Central Station Work, Electric Railways, Electrlo 
Lighting, Electric Wiring, Electric Telegraph, together with courses on 
Civil, Mechanical, Steam, and Sanitary Engineering— Architecture and 
Textiles. 



lrecoi»^.OOQle 
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THE ELECTRIC TELEGRAPH 

A practical course prepared for all employses of Telegraph Companies. 



INSTRUCTION PAPERS IN THE COURSE 

Arithmetic Part I. •Theory of DrLamo-ElectrIc Ma- 

Arlthmetlc Part II. cblLery. 

Arithmetic Part III. Types ol Dyn a mo- Elect tic Ma- 

Elementary Algebra and Men- chln^ry. 

Bu rat ion. 

•Heat. 

•Elements o( Chemistry. 
Elements of Electricity. 
The Electric Current. 



•THE ELECTBIC TEIEGBAFH 



EftUIPIfXIlT OJ BKAIX OFFIOX: Prl 


■iclpleg ol the Electric Telcp-Bph; Tbe Lo«l Clr- 




loa and OlwrslloD of Sounder, The Lvirner'a 


Oiitai; The 




- Cr.J.d E>:e 




If^fflliP '»*°^ "^= "' 


BCrni: The Bi'Hy: Dcwrlptlon; FancrtloB. The 


iSlinljTl_ 8wlt.hb™rd 


1 anil 11a iiiiea. Mcbmki^b: Abbrevla lions; Clphnr; 


Inliru^^ Pr.« s.r,i. 


?i!-. Code TGlriirai>bT ^ The PbilUpa Code. 



AVTO ALPHABET XETHOD FOK LEASNEKS. 



HULTIPLEX TELEaKAPHT: The Duplpi: Magnrtl<^ Pd 
Rheostat; CondeusiT. Qundrnplci: Theory; Nffulrni 
and Lieak Bui; TruuhlM t>> the Uuad. The lltonopki 



Auto Alphabet InetrumenL 



Icanwr'a oatBt: tt BDtomBtlcally sends ineeaaires Co the student, tliDB Iralnlng hia ear I 
■ccnrau sl/le d( sending and (Ivlnc him practice In sending and recelTlng. 
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ELECTRIC RAILWAYS 

Prepared for Railway SuperlntondenUi Motormen, Conductore, Llnv- 
men, Wlramen, and Students. 



INSTRUCTION PAPERS IN THE COURSE 

Tbeorj of Drnamo-E lee trie Ma- 

cblnerr. 
Dlrect'Current Drnmnos. 
Direct-Current Motore. 
Electric Wiring. 
Electric Rallwars. 



Arltbmetlc Part I. 

Aritbmetic Part II. 

Arithmetic Part III. 

ElementaiT Algebra and Hen- 



ELECTRIC WIRING 

A ahort, practical course In Houae Wiring and Bell Work for Plumb- 
er*, Qaafltters, Architects, Electricians, and others. 



INSTRUCTION PAPERS IN THE COURSE 



Aiithmetlc Part I. 
Arithmetic Part 11. 
•Arithmetic Part III. 



ElementB of Electricity. 
The Electric Current. 
Electric Wlrinj. 



ELECTRIC LIGHTING 

A concise course prepared for Dynamo Tenders, Linemen, Wiremen, 
Lamp Trimmers, Stationary Engineers, and Students. 



INSTRUCTION PAPERS IN THE COURSE 

Tbeor7 of Djoamo-Blectclc Ua- 



Aritbmetlc Part 1. 
Arithmetic Part 11. 
Arithmetic Part HI. 
Elementary Algebra and Men. 

80 ration. 
Kiementa of Electricity. 
The Electric Current. 



cblnery. 
Dlicct-Current Dynamoa. 
Direct-Current Motors. 
Electric WlrlDg. 
Electric Llgbtlng. 
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PARTIAL LIST OP TEXT-BOOK WRITERS AND INSTRUCTORS I 
THE DEPARTMENT OF ELECTRICAL ENOINEERINO. 



P. B. CROCKER, E. M., PH. D. 



H. C. CU8HIN0, JR. 

ConiuUiDE ElMliical Engloee 
Aultior of "SlMdard Wiring for Electric 



WILUAM ESTY, B. B. 



CHARLES L. OMIPPIN, 6. B. 

Cblel DrauKblamRD. Scmet-SoU*; Co. 

LOUIS DERM, S. B., A. M. 

AulelanI Frofesior al Ptayaki, 
Mliwcbuwtti iDilitute of TecliDDlasT. 

PROF. DUGALD C. JACKSON 

Ctliaieralor vith 

PROF. GEORGE C. 8HAAD 

Depaitmeat of Electrical Enetneerm);. 

Universitr ol WlBCODiin. 

WALTER B. SNOW, S. B. 

Hecbanlcal Engineer, a F. Sluneiuil Co. 

ARTHUR L. RICE, M. M. E. 

Edilor "The Engioeei." 

CHARLES THOM 

Chief Quadrap1e< Deparlmenl, 

Wealcrn Union Telegraph Co. 

WILLIAM C. BOYRER, M. C, M. M. E. 



CLARENCE E. FREEMAN, M. 8. E. B 

Professor ol Eleclilcal Engineering, 
Armour Inalitute o( Technologj. 

JOHN E. SNOW, M. S., E. E. 



HARRIS C. TROW, S. B. 



JAMES R. CRAVATM 
Weilem Editor "Street Rilliiiay Journal." 



db, Google 



Dijilizedb, Google 



Compendimn of Drawing 



Over 1000 Illustrations 

Including full page 
pUtes, sections, dlA' 
grams, ftnd folding 
plate* :: ;: :: 



By expresB prepaid. 
Money refunded if 
not satla factory. 



Hay be paid in two 
monthly paymenta 

of $4.50 each 



PARTIAL TABLE OF COHTEIITS 

Part I. Part n. 

MKliMieal BrawHj to Prol. B. Keniwm. WoikUiK DrawlncB «iia Meebanliin br Prot. 

lUwuUnaetU Institute of TedmotocT, V. B. Janus. Una. Init. TecA. - 

Beaton. — iDBIranienta nnd MaleiiaTr^, Threads, Bolts. Nuts.Scaleand Assembly 

Ceomelrieal Drawinc Pr»)ec;ions, Line Drawirus, Blue PrintinB, Cams, Pullejs, 

Shading and Lellermg, Blue PrinlinK. Belts, Gearing. Pencil Layouts, WorltinB 

ShJdes and Shadows by Prof. H. W. Oard- Drawings, Cost. Dimen^inns, Lettering, 

Line, Problems, Short Mclhods, Full- Machine Dnlen b7 Ptof. C. L. GritBn, 

page rendered Examples. formertr Prol, of MaoUne Design P», 

Pen and Ink Rendering by D. A. GreiK, state CoUsse, now wltb Bemet-Solvay 

Uass. Inst, Tech. - Materials, Values, co, — Tlieoreiical and Commereial Con- 

AccenlB. Faulls. Kendering by Shadows si derations. Original Design. Hand book 8. 

Only. Pencil WorL. Suggestions, Ex- ^"^^ Calculations, Notes, Records. 

""Ple'- -Forces. Friction, Stresses, Lubrication. 

PonMCtive Drawlna by Piol. V. H. Law- Power TransmisKiun. Speed Ratio, 

tence. Mms. bat, TBCh. r Principles, p ^^^ , ^jj Layout, Belts, Pulleya, 

Staiou Pont. Vanishing Points, dround ii^i.l r^^-rt r\„irhpi 

Line, Hori/on, Line of Measures. Per- Shails. Gears. Clutches. 
s_pective Plan. One " ' ' " 
durves. Dislorlion. 

a Letteri _. . 

-Study of I 

„..,,__, Proiiorlions, Coniiw- shaocB,'" Triangiiialliin"' Approxim'a~te 

HrlTk'Iftman; Gothic? RenakS'anc^ bevelopments. Practical Shop Prob- 

OfficeLeltering. lems. 

AMERICAN SCHOOL OF CORRESPONDENCE 

AT ARMOOR IBSTITHTB OF TECHMOLOGY, CHICAGO, nxiMOIS 
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